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This  r e p o r t  w a s  prepared i n  compliance w i t h  t h e  pro-  

v i s i o n s  o f  Nat ional  Aeronaut ics  and Space Administra- 

t i o n  c o n t r a c t  NA5 5-916, "Research Study t o  Determine 

Propuls ion  Requirements and Systems f o r  Space 

Missions." 

* 

ABSTRACT 

'0 
Volume I i s  a summary o f  t he  . resul ts  and recommendations 

o f  a "Research S tudy t o  Determine Propuls ion  Requirements 

and Systems f o r  Space Missions." 

d i r e c t e d  t,oward c h a r a c t e r i z i n g  propuls ion  systems f o r  

f u t u r e  space miss ions ,  p rovid ing  pre l iminary  data and 

opt imiza t ion  c r i t e r i a ,  and det,ermining s p e c i f i c  propul -  

s i o n  areas which r equ i r e  f u t u r e  i n v e s t i g a t i o n .  

The i n v e s t i g a t i o n  w a s  

(Unclass i f  i ed A b s t r a c t  ) 

I 
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development; ( 2 ?  nr d minin'm eff?Ft approach can  be undertaken 

simply basad on Ft'rsonal (and possibly pre judiced)  concepts  i n  

p ropuls ion  requirements. 

i r ;media te ly , ,Sut  l a t e r  modi f ica t ions  t 3  aake t h P  system usab le  i n  

i)esign and developmsnt could be i n i t i a t e d  
4 

t h e  v a r i o u s  spsce missions would probably be required. 

I n  t h i s  space propuls ion  i n v e s t i g a t i o n  a r e a l i s t i c  approach which 

i s  between ths t w o  extremes has been followed t o  provldc t h e  b e s t  

~ 

p u s ~ i b l e  ! nformst ion  within the con t rac t  period. Previcus experience 

I n  enyine and system o p t i n i z a t i o n s  provided's knowledgable selection 

of Mhat c r i t e r i a  a f f e c t  engine design and perfprnance,  and the 

senera1  methods of propuls ion  ana lys j s .  
1 

Where p a s t  s t u d i e s  have indicated t rends  these results a r e  employed 

and suFplenented u i t h  a d d i t i o n a l  analyses. 

Since the i n v e s t i g a t i o n  has been d i r ec t ed  to be a broad es tab l i shment  

of p ropu l s ion  r equ i r enen t s ,  t h e  Inter , t  w a s  no t  50 establish d e t a i l e d  
i- ' 

propuls ion  design, 
- 

-? i ecnriolagy advances my change Aome of the  conclusions;  however, an 

a t t e n p t  h a s  been rcade t o  a n t i c i p a t e  advancements i n  des ign  technoloey 

{lower weights ,  improved i n s u l a t i o p ,  e tc . ) .  
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I n  e v a l u a t i n g  propuls ion  systems, the requirements  s p e c i f i e d  have 

not  been sub jec t ed  t o  ex tens ive  in f luence  by c u r r e n t  t r e n d s  or 

c a p a b i l i t i e s ;  t h a t  is, propuls ion systems needed immediately fo r  

an i n i t i a l  space mission p ro jec t  and governed by c u r r e n t  s t r u c t u r a l ,  

guidance, and subsystem designs have been somewhat d ivorced  from 

t h i s  study, s i n c e  t h e  purpose was t o  e s t a b l i s h  propuls ion  requirements  

f o r  f u t u r e  optimum system designs.  

The study has  been d iv lded  by e f f o r t ,  and r epor t ing ,  i n t o  t w e  

phases. The first phase cons is ted  of gene ra l i zed  n i s s i e n  and 

t r a j e c t o r y  maneuver a n a l y s i s ,  t oge the r  w i th  a pre l imina ry  

propuls ion  ana lys i s .  

analyze c e r t a i n  recommended space systems i n  further d e t a i l .  

d e t a i l e d  d e s c r i p t i o n s  of t h e  study e f f o r t  and results a r e  presented  

i n  Volume 2 (Phase 1) and Volume 3 (Phase 2)  of t h i s  r e p o r t .  

results and conclusions from these  s t u d i e s  are summRrized and 

presented  i n  t h i s  volume (Volume 1). 

The second phase e f f o r t  was d i r e c t e d  to 

The 

The 



A brief o u t l i n e  o f  the manner i n  which the two  phases of the study 

were conducted is  presented in the flow c h a r t s ,  Table 1-1 and 1-2. 

As indicated, Phase 1 was beb- w i t h  a comprehensive w v i e w  of tho 

literature concerned wi th  space missions and propulsion. 

this r e v i e w ,  r ea l i s t i c  space missions w e r e  selccted f o r  consideration 

From 

in the study. 

of propulsive maneuvers, many of which  arc cornion to revera i  space 

missions. TQ f a c i l i t a t e  t h e  analysis, iksc  maneuvers w c r e  ou t l i ned ,  

and the propulsive analyses conducted on a maneuver basis .  

t h i s  maneuver analysis, t h e  l i+ ,e ra ture  was scrutinized f o r  u s e f u l  

These sc lectzd  missions a-ro campored cf a variety 

4 

T;?mughout 

information. 

Following the ex-tensive analysis of :Tact? propulsive 1;1;1~.eiiver~, 

these maneuvers were recombined i n t o  the selected space rr;issions. 

A review of current  md proposed booster s:sstcms was i n i t i a t e d  and 

basic  vehicles we= selected as applicable fo r  future spice missions. 

A preliminary i m ~ s t i g a i i o n  of  space -nhicle stages for these boos ters  

was cmducted to indicate p e r f o m c e  In the selected space inissions. 

Various propulsion syskms ( l i q u i d  propellat?:, s o l i d  propellant, 

thermo-nuclear, i on -e l cc t r i ca l  , ctc.) were then considered f o r  t he  

i -T '  
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space stages and e-raluated regard in?  their u t i l i t y  i n  t h e  mission. 

Based on the  perfornance, and review of space payload requirements ,  

prorqising l i q u i d - p r o p e l l e n t  p rcpu l s lon  systems t h a t  would provide 

a usefu l  payload x i t h  a bas i c  boos t e r  vehic le  uere recommended for 
4 

f u r t h e r  study. 

The Phase 2 e f f o r t  was d i r e c t e d  t o  consider t h r e e  space missions: 

s o f t  l u n a r  l a r d i n g  and r e t u r n ,  Mars o r b i t  cstebllshment, and e a r t h  

o r b : t . a l  rendezvous. 

b p o r  t anc e . 
The l a t t e r  mission was to be considered aecordary in 

A v a r i e t y  of methods of a c c a p l i s h i n g  each space  mission t ya j ec toxy  

w a s  considered,  and t h e  most desirable method selected in a 

con t inua t ion  of t h e  Phase 1 t r a  jectory/maneuver s tud ie s .  

vehicle systems t o  achieve t h e  mission were i n v e s t i g a t e d  and 

Space 

described i n  terms of s t a g i n g  a n d  propuls ion  requirements.  The 

propulsion systems t o  be used i n  t h e  space missions were analyzed 

i n  cons iderable  deta?. i  regard ing  such parameters  as prope l l an t s ,  

f eed  systems type, etc. 

parameter  s e l e c t i o n ,  and t r a n s i e n t  ope ra t ion  effects were considered.  

Effects of the space environment, operat ' ing 
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Baaed on t h e  i n v e s t i g a t i o n  r e s u l t s  a l i s t  of g p e c i f i c a t i o n s  

desc r ib ing  t h e  propuls ion  system requirement t h a t  should be 

considered i n  s e l e c t i n g  and eva lua t ing  a propuls ion  system f o r  

a space mission was developed. 

t h e  s p e c i f i c a t i o n  l i s t i n g  was also compiled f o r  t h e  s e l e c t e d  

4 

For t h e  t h r e e  space missions,  

propulsion's-ptems. 

f u t u r e  i n v e s t i g a t i o n s  n e c e s s 8 5  t o  complet,ely cha rhc te r i ze  t h e  

From t h e  effort conducted, recommended 

apace mission and propulsion system have been formulated and 

l i s t e d .  

4 
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SUMMARY 

The fo l lowing  items briefly summarlze t h e  results of the s tudy .  

1. P r o y u l s j o n  S y s t m  - A number of propla!on s y s t m  s t u d i e s  were 

conduct4rci. T h e  concluafons of these i n v e s t l g a t j o n s  a r e  l j s t e d  below. 

A. 

R. 

C. 

D. 

E. 

1.’ 
1 .  

! I .  

i f .  

Njch-enerffr, l i q u l d  prope l l an t  systems o f f e r  s1gn j f . l  c a n t  Fer- 

formance advantages over o t h e r  comblnat.1 ons. 
4 
Wpon their f u r t h e r  

devclopnent,  more advanced ays?,ems w x h  as nuc lea r  and i o n  u l l l  

o f f e r  tremendous perf o n a n c e  advent.aEw over  t h e  more c r n v e n t j  o n n l  

l j q u j  d propel  lant, aystema. 

1-10 
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T I .  Lunar Lendjng srd RPturn Mission - T M s  mission was ime 

based on a space veh ic l e  placed 3r: an  E a r t h  n r b i t  by a NO 

booster vehicle. T h e  conchs iorm helow are general ly ,  based on 

t h i s  space veh fc l e  whose gross  w i g h t ,  is 35$,033 lb .  

A. 

B. 

C. 

D. 

E. 

F. 

Two met5ods  of accomplishinp r h e  l u n a r  m l . s s i m  a re  gene ra l ly  

a v a j l a b l e :  

1. Di rec t  l u n a r  landing 

2. Lunar landing via an i n t e rmed ia t e  o r b i t .  The l a t t e r  method 

i s  gene ra l ly  recommended f o r  manned missions. 

Two-stage vehlcles are recommended f o r  b o t h  methods. For  the 

d i r e c t  landing,  s t a g i n g  occurs  e t  l u n a r  sur face .  For t h e  i n t e r -  

media te  o r b i t  method, s t ag lng  oacurs  i n  t h e  l u n a r  o r b i t .  

Oxygen/hydrogen, pump-f ed propuls jon  systems are  recommended for 

all space  ataFes f o r  both methods. 

T h e  f j rs t -s taEe engine f o r  t h e  v e h i c l e  us ing  a n  in t e rmed ia t e  

o r b i t  should have a t h r u s t  i n  t h e  100,000 t o  200,003-lb thrust 

range. 

Ear th  wel ght of ab out 0.35. 

The second-stage encjne f o r  t h e  v e h j c l e  uslng an  i n t e n n e d j a t e  

o r b j t  should have a tClrust of about  7??000 Ib t h m s t .  

thrust- to-weight  r a t i o  of 0.68.) 

t h e  he ight  of t h e  second in te rmedja te  o r b i t .  

system should have t h e  capabj l i ty  of 6:l s t e p  t h r o t t l l n g  and 6 

p e r c e n t  cont inuous t h r o t t l i n g .  

The optimum t h r u s t  i s  125,000 lb t h r u s t  o r  a thrus t - to-  

(Earth- 

Th i s  t h r u s t  l e v e l  depends on 

The propuls ion  

For t h e  d j m c t  l u n a r  landing t h e  first s t a g e  should have a t h r h s t  

of 230,000 t o  300,000 l b  t h r u s t  (Ear th  thrust- to-weight  r a t i o  of 3. 

1-11 



0. The  second s t a g e  of t h e  d l r c c t  landjng v e h i c l e  should hevc a 

t h r u s t  of L0,OOO t o  89,OnO lb t h r u s t  (Ea r th  thrust- to-weight  

r a t i o  of 1.5). 
I n  most of t h e  p ropu l s ive  maneuvers f o r  t h e  luna r  mission t h e  

t h r u s t  l e v e l  has only slight e f f e c t  on t h e  payload capab i l i t y .  

Operat ion a t  off-optimum condi t ions  does not  unduly affect  

t h e  payload capabj l i t y .  

Space v e h j c l e  s i z e  has l l t t l e  effect on t h e  p ropu l s jve  maneuvers 

used In  accomplighing t h e  luna r  mission. For small vehicles, 

however, a manned mission would be unfeas ib l e ,  and t h e  d j r e c t  

l a d i n g  ai proach might be  s e l e c t e d  over t h e  in t e rmed ia t e  o r b i t  

method. 

Space v e h l c l e  s i z e  should n o t  j n f luence  the use of Lo2/’H2 pro- 

p e l l a n t s  t o  any g r e a t  ex ten t .  

involved i n  t h e  l u n a r  mission (1 t o  2 weeks) cryogenic  pro-  

p e l l a n t s  could b e  maintained even i n  f a i r l y  small veh ic l e s .  

Thrus t  l e v e l  can 1-e sca led  according t o  t h e  v e h i c l e  g r o s s  weight. 

H. 

I. 

* 

J. 

For t h e  r e l a t i v e l y  s h o r t  t h e s  

K .  

L. All v e h i c l e s  are assumed t o  use  aerodynamic r e -cn t ry  f o r  r e t u r n j n g  

t o  Earth.  

111. Mare Orbit Establishment - Thjs  mission was l n v e s t i p t e d  based on 

a space  v e h j c l e  placed I n  an E a r t h  o r b i t  by a NOVA 11-15;: boos ter  

veh ic l e .  The conclus ions  below a r e  g e n e r a l l y  based on t h l s  space  

v e h j c l e  whose cross well’ht is  35%,090 lb .  

A .  T h e  Mars mlssion consisted of  depar ture  from an  Ear th  o r b i t  

and s ~ m u l t a n e o u s  p l ane  change. A prc l lmjnary  o r b i t  is 

1-l:! 
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established around Mars, This  o r b i t  3 8  c 0 r r e c t . d  tfi Ltie 

d e s i r e d  300 n m i  o rb i t .  

Be Transfer t lmes on t h e  order of 2OG daJ-s a r e  considered.  

C. A two-stage v e h i c l e  is recommended. The first s tage  a c c m p l j z h e s  

t h e  Earth depar ture  mamuvcr. The S I X G ~  s tage  e s t a b l i s h e s  an 

o r b i t  about Mars and provides  c o r r e c t l o n s  t o  e n t a h l i s h  the  300 
4 

n m i  o r b i t .  

De For t h l s  large vet . ic le  t h e  oxygen/hydrogen propellant canblnat-f 03 

S m e ’ p r q w l l a n t  storage problan: is recommended for bo th  stages. 

may occur  i n  the second stage. ‘urther and more detai led i n v e s t j -  

- 
gations of this prohlm may j Kdicate that,  a s t c r a b l e  p rope l l an t  

system i s  warranted 

E. Since  t b e  enero- r e q u i r m e n t s  vary w i t h  t h e  launch date, it is 

rc.cm,ended t h a t  t h e  Mars vehic le  bP desi[:ned with t n e  p r o p e l l a n t  

capac i ty  f o r  lahychinE wer a n  i n t e r v a l  of d a t e s .  

decreaslng ’the payload capab i l i t y ,  t h i s  provides-  a real i s t jc ,  

f l e x i b l e  d es5 apyroach 

Although 
d 

F a  The f i r s t , - e t ape  eng5ne has a thru , s t  of l s 0 , O O O  l b  (Ea r th  

thrust-to-welght,  r a t i c  of 0.50) , 

G. 

11. T h i m s t  le+rel has h r ~ t  s 1 J c b t  e i f e c t  on payload capahility. Opcr- 

S e c o n ~ - s t n r e  t h r u s t  was ~0,990 Ib. 

a t j o n  of off-opt jmm c o n d i t j o n s  doe3 not, undu1,v affect> t h e  payload 

cnpahj l i t y .  
4 

1. Space vehjc l e  s i z e  nae. 11 t t l e  e f f e c t  cn t h e  p r n p u l a i v e  maneuvers 

used j n accomp’lj shine the rnj s s i o n ,  

1-13 
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4 

;'I. E a r t h  C;.kjt.itl F ~ n d e z v c ~ : ~  

A .  Ir, the rpndczvous mi ss j  on, t h e  propuls j  on system parameters 

( t : ' r i l s t  specfflc Impulse, e t c . )  do n o t  s j g n j f l c a n t l y  a f fec t  

p e rf ~ r m h  nc e. 

af  f sc t .  t h e  miss i an maneuver descr3pt)ion. 

C. F o r  t h e  se lected  rendazvous mission i n v o l v j n g  a 5 degree 

rjlanc cbanre requirement, t h e  rendezvousec! payload i g  

considerahxv reduced  f m m  t h a t  payload ord inar ixv  placed 

i n  a 3 W  n n!. 

1-14 
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A review of the requirements f o r  lnanned space missions has  indicated 

the necessi ty  f o r  large booster systems; o r  of  a successful system f o r  

o r b i t a l  rendezvous and space stage bui ldup fo r  manned space missions. 

4 

An inves t iga t ion  of manned space capsule requirements has been 

conducted and the r e s u l t a n t  space capsule wei&ts have been sunmarimd 

i n  Fig. 1-1 (less propulsion s y s t e m  weight) . 
0 

4 

For a manned lunar mission, 

( 3  men and approximately 10 days duration) m e a r t h  return capsule weight 

of approximately 30,000 lb i s  required based on current  asslmptions f o r  

adequa& V a n  Allen and 3 0 h . r  radiat ion SkrieIding. Of  t h e  30,000 lb, 

17,000 lb is  radiatfon shielding, 'and 6,OOc) lb is f o r  short-transporta- 

t ion ,  taxi capsules, 

weight would be only 7000 lb .  

can be devised, a major portion of the 17,000 lb f o r  rad ia t ion  shielding 

could be eliminated, 

If these items were omitted, the space capsule 

If a system f o r  forecast ing solar flares 

In  Table 1-3 are presented the preliminary esthates of space mission 

payload capab i l i t i e s ,  Analysis of these payloads (Table 1-4) ind ica te  

t h a t  booster vehicles larger than the Atlas  and Saturn C-1 systems should be 

considered in  ordcr t o  present a compmhensive inves t iga t ion  of space missions, 

Thus, the Nova systems have been included i n  the analysis so t h a t  the effect of 
I 
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/ 4 Cabin Leak 

Insulation, ad 
MisceUanoous 

~ 

Loaded Taxicausules (3)  

- Shielded Radiat ion 

C o r n D a r  b e n t  

. 

i 
100 

1 1 ,  I 1 

3m 403 5 00 200 
Days 

F i , y r a  ! - I  . 'Rree-b?an Spncc Cnpsulc,  No Propulsion Systam 
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7,590 

15,601 

21,,303 

22,$C)O 

33,300 

b5,ooo 
72,700 

19?,Oc)O 

198,800 

89 100 

11,700 

18,800 c, 

8 23,r;Do 

38,100 13 

56,500 19 

-- . 

101,000 35 

Pc 
1 
P€ 

. 



250 

800 

1,650 

2,450 

2,350 

3,850 

UlllUlKltled 
Payloads 
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F E Y ! ~ ~  s:' t h e  < - i c e  Fropuls : rn  reaui rments  In-licated t h a t  t b e  ri~:!i- 

eaergy, cryogentl c,  liqufd-propellant systems have  B perf onnar'ce 

advantaze  over "Earth-s tor&bie" l i q u i d  systems. 

requirement,s Cor most apace maneuvers a r e  large, t h e  h j g h - c n e r u  cryo-  

%rice the  velocity 
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m 
L he high tkrst-to-wefght r a t i o s  assoclated w i t h  s o l f d  ? r n p l l z ? E t  

not,urs a r t  not  reoufred f p r  mos t  space maneuvers. The ljquid s y s t m ,  

d e s l p p d  for a low thrust-to-weip;fit provide8 a reduct ior .  5n i n e r t  

weight that. further enhances the!r  cmparativc performance, 

lead advantage .!rIcreasee a s  mjssion v2lccity rmulrmcrit,s increase. 

'M s pay- 

Onxv f o r  space pmpulsjcm mancllvvc'rs requtring less tiran '1WO +,a 2 m  

ft//sec dc G O U ~  propel lant  systems arpear to he cc7mr8aratjva unless  a 

;,: CI) t b;-list-to-w&ght ratio (inherent in  t h e  so l jd  propellant designs) 

J s  reu~fred. Zn abort  escape racket sgstan may t-e SiJCh an examnle. 

Nuclear Proculsirzn 

4 

Perf omanca advantage3 of a nuclear pmpulsion system for orb? t a l  

e?cape maneuver3 jndfcatc  these a!-stems w i l l  f i n d  definite a p p l i -  

cations -In t h i s  area 5n fcture space missions. Suborbital f l i t : h t  w i t h  

nuc lea r  propuls3on requires a c lose  review of possible hazards associated 

M t h  nuclear engine operatjon, The developnent schedule for nucleza- 

Ioa-Electr3cal Propulsjm Systens 

Review of r.erformance rcqu1rement.s for maned 5n-erpla;letary flight 

t o  i M f c z t e  t h a t  5on prupulsjon systems dl1 he reqatred for such mlst;-Jons. 
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These systems, with  ‘ t h e i r  i l lherent high s p e c i f i c  impulse (8QOO tc 

12,!390 s e c )  K i l l  provide t h e  high-weight manned payload r e t u r n  capsules  

w i t h  a f e a s i b l e  i n i t i a l  space  v e h i c l e  weight. 

baslc l j n i t a t i o n s :  

missit-ns r e q u l r e  an a d d l t i o n a l  h i g h  thrust- to-weight  

system f o r  t h e s e  propulsion pliases: yecond,  ion t h r u s t  l e v e l s  

requl red  f o r  manned space  missions a r e  approximately 10 t o  2 0  lb; t h i s  

fa r  exceeds t h e  c l j r ren t  development s t a t u s  f o r  t h e s e  engSne systems. 

The i o n  system has two 

f irst ,  t h e  E a r t h  boos te r  and t h e  p l a n e t a r y  landing  

propuls ion  

. 
4 

The i o n - e l e c t r i c a l  p ropuls ion  system a l s o  finds a p p l i c a t i o n  for a t t l t u d e  

c o n t r o l  of e a r t h  o r b i t a l  or i n t e r p l a n e t a r y  space veh ic l e s .  

to-weights are r equ i r ed  i n  t h i s  app l l ca t ion ,  making t h e  ion  system a 

prime contender  because of i ts h j g h  s p e c i f i c  inpulse, 

Low t h r u s t -  

T h i s  f a c t o r  is f u r t h e r  

enhanced if an e l e c t r i c a l  power source, such as a nuc lea r  r e a c t o r  system, 

is required f o r  communication and o ther  system power requirements.  

PROPULS I VE MA NECVFB DFSC RI P T T ONS 

The propulsive maneuvers used i n  accompljshing space  miss ions  can be 

performed I n  a number of d i f f e r e n t  ways. 

maneuvers, c e r t a i n  methods of performing them arpeared more advantageous 

than others .  

Ir, the s tudy  of many of t h e s e  

Other  maneuvers, such as  t h e  landing maneuver, possess 
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m y r i d  p o s s i b j l i l i e s  and it is d i f f i c u l t  t o  select a s i n g l e  method as 

t h e  most advantageous a t  t h e  p r e s e n t  time. 

d e s c r j p t i o n  of the varjous maneuvers necessary f o r  space  f l i g h t s ,  a 

brief d- iscussion and summary is provided, 

To provjde  a c - n c i s e  

The g e n e r a l  p h i l o s o p b  of ' 

a c c m p l i s h i n g  each maneuver 1 s explained and methods holding p a r t i c u l a r  

advantage ( i f  any exist) denoted. 

Ear th  Vj c i n i t . y  Maneuvers 

The fo l lowing  maneuvers are  t h o s e  t h a t  genera l ly  occur  i n  t h e  v i c i n i t y  

of t h e  e a r t h ,  be ing  i n i t j a t e d  a t  t h e  e a r t h ' s  s u r f a c e  o r  i n  a low a l t i t u d e  

e a r t h  o r b i t .  

Orhi t a l  Fendezvous. This maneuver was studjed cons ider ing  two v e h i c l e s  

j n i t j a i l j -  s e p a r a t e d  d u e  t o  launch jnaccurac?es ,  t o  rendezvous i n  a 

333 n, mi le  park ing  or t i i t .  On t h e  b a s i s  of minimum fuel r e q u i r m e n t g  

t.he method of acc@mpl?shinc t h e  p0.s cnanfcs of t h i s  maneuver cons is ted  

o f  a plane change a t  node w j t h  an e c c e n t r i c i t y  change for c i r c u l a r i z a t j o n  

of t h e  o r b i t  a t  apopee o r  perl ,ree (depending upon t n e  chant;e jn the major  

a x j s )  t,o cst,abl.isk t h e  3'79 n. R i l e  c 5 r c u l a r  o r b j t ,  Terminal phase of t n e  
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promising f o r  t h i s  maneuver. Veloci ty  requirements f o r  rendezvous are 

. on t h e  order  of2800 f p s .  Some 2200of t h i s  i s  requi red  by t h e  p lane  change. 

I o n  systems do no t  appear t o o  f e a s i b l e  f o r  s h o r t  tlme rendezvous appl i -  

ca t ions .  

s t a r t  c a p a b l l i t y  requi red  f o r  most rendezvous miss lons  appear t o  l l m i t  

t h e  a p p l j c e t i o n  of s o l i d  propel lan t  systems. 

The s o l i d  systems have a r e l a t i v e l y  low I, and t h e  m u l t i p l e  

The analysis conducted i n d i c a t e s  t h a t  i n  most propuls ion  phasea the  mall 

v e l o c j t y  r e a u i r m e n t s  necessary would not d l c t a t e  a nuclear  or high-thrust  

l i q u i d  c h m l c a l  system. 

comply w i t h  t h e  propuls ion requirements. 

upper-stage en@ nes appears  t o  be unwarranted for t h e  rendezvous app l i ca t ion .  

A smal l  pressure-fed propuls ion  system would 

Relgnj t ion  of t h e  boos te r  phase, 

P l ane ta ry  Transfer .  

h igh  thrus t  v e h l c l e s  were s tud ied  on t h e  b a s i s  of patched conic  sec t ions .  

These conic s e c t i o n s  represent ing  t h e  geocent r ic ,  h e l l  ocen t r i c ,  and 

p l a n e t o c e n t r i c  phases of operat ion a r e  patched t o g e t h e r  t o  provide a 

s i lple ,  a c c u r a t e  s imula t ion  of t h e  a c t u a l  t r a j e c t o r y .  

The t r a n s f e r  t r a j e c t o r y  maneuvers for r e l a t i v e l y  

The t o t a l  vcloc. l ty  requirement for a p lane ta ry  transfer is a combination 

of s e v e r a l  v e l o c i t y  jncrementsr 

cap ture ,  e t 0  The cap tu re  phase may be e i t h e r  d i r e c t  landing or o r b i t  

launch, plane change, mid-course co r rec t ion ,  
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e s t a b l j  shment. 

pii isjnn phases w i l l  be requi red ,  an earth escape  phase, and a cap tu re  

or p l a n e t a r y  phase. 

If plane  change occurs  .at launch onAy two major pro- 

The v e l o c i t y  requirements  f o r  these phases vary g r e a t l y  wl th  mission 

-. and, f o r  each mjssion,  w j t h  launch date and t r a n s f e r  time. P r a c t i c a l l y ,  

i t  js adv j sab le  t o  des ign  systems appljcable t o  a r a r q e  of launch da te s .  

Two s tages a r e  designed t o  have maxjmum prope l l an t  capac i ty  suff l c j  ent 

t o  m e e t ' t h e  v e l o c j t y  r e c u j r m e n t s  for any d a t e  of the  i;:lven range of 
4 

launch dates .  

loaded t o  t h e  capac3ty r e w i r e d  f o r  t h e  I;jv@n launch da te .  

Fo r  any d a t e  J n  t h i s  F e r i o d ,  the t a n k s  of each s t a g e  a r c  

. 

* 
Plane ta ry  t r a n s f e r s  t o  Mars and Venus were considered. 

of energy r c q u l r e m e n t s  rnj n imw transfer  times (high t t irust-to-weight ratri o s )  

appear  t o  be I n  t h e  v i c i n i t y  of 109-2'10 days and 103-113 days f o r  Mars and 

Vcnus respect!vel; .  

j n t e r p l a n e t a r y  mission i n d i c a t e s  t h a t  t he  optimum IiQuid p r o p e l l a n t  - 

propulsjon thrust- to-weight  r a t j o s  a r e  Jn t h e  3.2 t o  0.8 range. The 

From t h e  s tandpoin t  

Anal 35s of Earth phase propuls ion  for a l u n a r  o r  ;Y 

stage v e l o c i t y  3ncrenent required f o r  t h i s  phase rqnge fran approximately 
4 

* 10,000 t o  29,013 f t / s e c  based on i n i t i a t j o n  f r m  a low a l t j t u d e  E:arth 

orbjt,. 

i n d i c a t e  t h a t  a high-energy cryogenj c liquid propel l a n t  system w011ld be 

heview of performance requirements for t h e  e a r t h  escape prcpuls ion  

? 

recommended. T n  f a c i l ! t a t , e  f u r t h e r  ana lys i s  of o r b i t  i c i t i a t e d  earth 
- 
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t m j e c t o r y  varies i nve r se ly  w i t h  t r l p  tine. From energy l e v e l  consider- 

a t3ons  and Lunar r e t r o - t h r u s t  requt runents ,  t r i p  t imes between 2 t o  3.5 

days appear a t t r a a t j v e .  

j n c r a n e n t s  r e a u l t i n g  frun wide variations i n  launch time and Earth/moon 

The d e v i a t i o n s  i n  Earth escape phase v e l o c i t y  

c o a s t  t r i p  time are extrenely small. Thua, a s i n g l e  system d e s i g n  for 

t h l  s Farth escape  phase would ' have w3de a p p l i c a b i l i t y .  

Desfrahle th rus t - to-wefght  r a t i o s  f o r  this maneuver are i n  t h e  0 . l t o  0.8 

ranRe. V e l o c i t y  requirements  for t h e  t r a n s f e r  are on the order of 

i o  - 11,000 ips. 
. 

Twenty-Four Hour 'Orbit Es t ab l i shnen t .  Study of t h e  establishment of a 

2L houi. s t a t i o n a r y  orbtt was conducted considering t h e  system i n i t i a l l y  

i n  a low a l t j t u d e  o r b i t  whose plane is  i nc l ined  28.8 degrees t o  t h e  equa- 

t o r i a l  plans ( M R  launch). The v e h i c l e  c o a s t s  i n  tMs low alt j tude orbit 

a 

u n t i l  the desjred s p a t i a l  p o s i t i o n s  of t ho  v e h j c l e  and d e s t i n a t i o n  p o i n t  

arg c o r r e c t l y  o r i en ted ,  A t  t h i s  time the v e h i c l e  enters a n  e l l i p t i c a l  

t r a n a f e r  t o  t h e  s t a t l o n a r y  orbit height .  A t  . the apogee of th38 clUpse 

a maneuver occurs t o  slmu'ltaneously e s t a b l i s h  circular 'velocity and effect 

a plane change from t h e  o r b i t  p l ane  t o  t h e  e q u a t o r i a l  plane, , 

Thua t h e  maneuver c o n s i s t s  of two propula ive  phases sepa ra t ed  by a coaat 

phase. The fjmt phase j n i t i a t e s  the e l l i p t i c a l  transfer whi le  t h e  

second provide8 the c i r c u l a r j z a t l o n  and a plane change. For these maneuvers 

thrust: to=veight ratios in t h e  0.1 t o  3.5 range appear t o  be of interest, 
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P l a n e t a r y  and Lunar V I  cI n i  t y  Waneuvercr 

These maneuvers origlnate I n  the v i c i n i t y  of a body other than  t h e  

earth, 

t r a j e c t o r y  for t h e  purpose of landjng .o r  o r b i t i n g  and maneuveru in i t ia ted  

i n  t h e  v i c j n i t y  of the body f o r  t h e  purpose of e s t a b l i s h i n g  a planet/moon - 

They i n c l u d e  maneuvers jnitjated in an earth-moon/planet c o a s t  
4 

ear.th return t r a j e o t o l y ,  

4 

Dlrect Lunar Landlng and Take-off. 

brjngs t h e  v e h i c l e  t o  rest on the lunar surface d i r e c t l y  f r m  the ea r th -  

The direct lunar  landing maneuver 

moon.coast trajectory u j thou t  making use of a coas t  perjod i n  a lunar 

orbit. 

maneuver c o n s i s t e d  of two  phaeesr a t h r u s t  p a r a l l e l  t o  v e l o c i t y  

( g r a v i t y  t u r n )  phase Initiated In t h e  earth-moon t ra jectory and (2) a 

r e l a t l v e l y  s h o r t  v e r t i c a l  maneuver ending a t  t h e  l u n a r  surface. 

B a u d  upon energy requlrmhts t h e  method of accomplishing t h j a '  

( lJ 

In 

s tudy ing  t h i s  maneuver t h e  t r a j e c t o r y  v a s  simulated by S n J t j a t i n g  t h r u s t  

a t  t h e  desired er,d p o i n t  of t h e  r e t r o - t h r u s t  period ( e t  t h e  l u n a r  s u r f a c e )  

and flying backwards ur r t j l  the vchJcle possesses t h e  deslred I n i t i a l  

v e l o c i t y  of t h e  earth-moon c o a s t  trajectory. 

OasIraSla thrust-to-earth welght ratios f o r  t h e  main t e t r o - t h r u s t  a r e  in 

Frm a n  energy cons ide ra t ion ,  

t h e  0.20 t o  1.0 range (thrust-to-moon w e i K P t  .of  1.2 t o  6.5). The  veloc3 t y  

requirements  for t h e  d!rect lardjng are on the order of e8C? fps depending 
b 
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t 't.:;uircments are s imi la r  t o  those fcr Landing. 

4 

-',,-i~>- 

fit*:riit:- i;f t h e  inoo~, OR :t.s ear-tk-rcoon trajectory it r)os3erses a cer ta in  

ve loc i ty  which i s  derjendent upon t h e  earth-moon transfer time ns discussed 

previously. 

g i w n  lunar  c frculnr  orbit *relocity. 

t ,hi  s al iprns  vehicle thrust w i t h  vehjcle velocity. 

: . h i t  I.',.ii., ~ i i s t ~ e n t  and Depsrture. _I As a t o h l c l e  approaches t h e  - --------..I-- 

Tc esta i l l s ' r ,  an o r b i t  the vehlc le  must be decelerated to a 

The maneuver used t o  accar.pliah 

The erergy requlrments fcr lunar orbit establishment depend t o  a great  

extent uton t h e  earth-mnon t r i p  time and t h e  orbit h e i g h t  deslred. For 

estah7-f sh!ng a low aitjtude ( 5 3  n. mile) orbit thrust-to-earth-weight 

ratios i n  t h e  3.10 to 0.50 appear  desirable based on consideration of 

- tbc energy requirements,  The veloci+uy requi red  f o r  this maneuver based 

nn B 2.6 6ay t r i p  t h e  are about  3240 fps .  Departure from a lunar o r b i t  

t o  a moon-earth c o a s t  trajectory is  esserit ial ly  t h e  reverse of the orbit 

estaklishment maneuver and was analyzed baaed or. a t h r u s t  aligned w i t h  . 
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i 

v e l o c j t y  t r a j e c t o r y ,  

o r b l t  he lgh t  and t h e  t r j p  tlme des i red .  

sjrnjlar t o  t h o s e  j n  thet o r b i t  es tabl ishment  maneuver. 

The energy requireizents del;mul upon t h e  i n i t i a l  

Thrust-to-weight r a t f o s  are 

Landing from and Taking off t o  Lunar Orbi t .  

i n t e n n e d l a t e  luna r  parking o r b i t  on e i t h e r  landing o r  take-off  was 

a tudled  similar t o  t h e  above maneuvers by f l y i n g  backwards from t h e  

l u n a r  s u r f a c e  t o  t h e  des i r ed  o r b i t ,  For  t h j s  maneuver a t r a j e c t o r y  

u t i l i z i n g  an in t e rmed ia t e  c o a s t  phase wi th  st c i r c u l a r i z a t i o n  phase a t  

The requi ranent  f o r  an  

4 
' 

t h e  d e s i r e d  orbjt  he igh t  was ct-nsidered. 

R e s u l t s  f o r  t h l s  maneuver a re  s i m i l a r  t o  t h o s e  of t h e  d i r e c t  l anding  o r  

t akeof f  w l t h  t h e  except ions  t h a t  t h e  v e l o c i t y  requirements  are lower and '  

an engine restart i s  required.  Des i rab le  th rus t - to -ea r th  weight r a t i o s  

a r e  I n  t h e  0.L t o  1.0 range and a cons t an t  v e l o c i t y  descetrt phase would 

r e q u l r e  t h r o t t l i n g .  

a r e  about  5730 fps .  

The v e l o c i t y  requiranent fran a 50 n. m i l e  o r b i t  
\ 

For t h e  landjng  mission, a hovering o r  cons t an t  v e l o c i t y  descent  phase  

several humlred feet above the l una r  s u r f a c e  appears  desirs%le f o r  t h e  

i n l t i a )  l u n a r  landlng  miss ions  where d e t a i l e d  landing s f t e  s u r v e i l l a n c e  

has no t  been preconducted. 

t o - (Ea r th )  weight of 0.17 t o  provide t h e  l o c a l  l u n a r  t h s t - t o - w e i g h t  of 1. 

Hovering will require approximately a t h r u s t -  

1-31 

F~~~ 008 B . 1  iV.iluml R.r I 58 

R-3208 



For t h e  moon miss ion ,  the '  t o t a l  v e l o c i t y  increment f o r  landing from an  

o r b i t  8g70 ft/sec o r  d i r e c t  8850 f t / s e c  tends t o  i n d i c a t e  t h a t  sjngle 

s t a g e  system could  be anployed, 

10,030 ft /aec and has  hydrogedoqygen p rope l l an t s  wi th  an  j n i t i a l  t h r u s t -  

Thus, based on a s t a g e  whjch provides 

to - (Ea r th )  wejght  of O e 4 ,  t h e  burnout t h r u s t  r a t j o  would be 0.835 (Earth) ,  

o r  5.07 ( l u n a r ) .  

h o v e r j n d l a n d l n g  phaee, 5 t o  1 propuls ion  t h r o t t l i n g  would be required. 

Thus, t o  achjeve  a l u n a r  thrust- to-wejght  of' 1 f o r  t h e  

Orhj t Es tab l i shnen t  Propulsion. 

of o r b j t s  about  t h e  hoon, Venua,,and Mars have'been jnves t lga t ed  i n  con- 

j u n c t j o n  wi th  t h e  Ear th  o r b i t  propuls ion phase, Nornographs f o r  Venus 

Propulsion requirements  f o r  e s t a b l j s h n e n t  
' 

e 
+ 

and Mars o rb j  t mtssjon v e l o c i t y  requi renents  have been formulated,  

P l a n e t a r y  o r b j t  es tab l j shment  and depa r tu re  maneuvers a r e  very similar 

t o  t h e  correspondjng lunar  maneuvera, As a v e h i c l e  approaches a p lane t  

on its ea r th -p lane t  t r a j e c t o r y ,  i t s  v e l o c l t y  must be  reduced t o  a gtven 

p l a n e t  o r b j t j n r  ve loc j ty .  

a l igned  opposing t h e  vk loc l ty  . 
To accompllsh t h i s  maneuver, t h e  t h r u s t  is 

The energy requjrements depend upon the 

ea r th -p lane t  Crjp time and t h e  des j r ed  o r b j t  he jch t .  Thrust- to-ear th  

weight  r a t j o  e f f e c t s  are s jml la r  t o  t h o s e  f o r  t he  l u n a r  maneuvers. 

Pas& on t h e  pre l jmina ry  s t u d i e s ,  th rus t - to- (Ear th)  welght  ra t j  os f o r  

l e a v j n g  o r  e s t a b l l s h j n c  an  o r b j t  about t h e  Earth, moonj o r  p l a n e t s  can 

he a r b j t r a r i l y  s r l e c t e d  w j t h i n  t h e  l l m j t s  jnd jca ted  j n  t h e  followinp: 

tehle .  
e 
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Earth 0.3 t o  1.5 

4 Moon 0.M t o  0.5 

Venus 0.2 t o - 1 . 2  

Mars 0.1 t o  1.0 

Wlthin these l i m j t s  p ropd l s ion  maneuver v e l o c i t y  incl 'enents do no t  

change g r e a t l y .  There are,  however, optimum- i a l u e s  g iv ing  m a x l m u m  

payload * 

4 

P l a n e t a r y  Landl ng (Hovering) Requirements, 

ments for l anding  or take-of? maneuvers fran Earth, moon, or 

p lane t s ,  l n d i c a t e  more s t r i n g e n t  l imi t a t ions .  

maneuvers, t h e  thrus t - to- (Ear th)weight  r a t i o s  must be high 

enough t o  g i v e  a local a c c e l e r a t i o n  g r e a t e r  t han  t h e  local g r a v i t y  

of t h e  body considered. 

t h j s  thrust- to-weight  r a t i o  must be achieved a t  t h e  end of t h e  

landing  propuls ion  phase. 

Review of t h e  requi re -  

For t h e s e  l a t t e r  

For a hovering phase j n  t h e  l and ing  mission 

Ear th  1.0 

Moon 0.17 

Venus 0."7 

Mars 0.39 

The approximate t o t a l  v e l o c i t y  increments f o r  landing  f r m  o r b i t  

( i nc lud ing  t h e  est imated losses)  are 13,000 f p s  for Mars, and 25,000 

f p s  for Venus. 

w o u l d  be rpqulred f o r  t h e  hovering maneuver. 

For both t h e  Venus and Mars l and ing  missions t h r o t t l i n g  

i -33 . 
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Miscel laneous Maneuvers 

These maneuvers are no t  n e c e s s a r i l y  t i e d  t o  t h e  v i c i n i t y  of any p l ane ta ry  

body and may be requi red  a t  any number o f p p o s j t i o n s ' i n  space. 

- A t t i t u d e  Control .  

be defjned i n  terms of t h e  a t t i t u d e  a n g l e  and r a t e  measured from an 

j n e r t j a l  r e f e r e n c e  system, and i n  t h e  l e n E t k  of tlme used t o  ach ieve  the 

requl red  changes Jn these ;\ammeters. Tn genera l  where tiiP 1engt.h of 

t ime I s  long  and t h e  required chaRges small, a t t i t u d e  c o n t r o l  systems 

A t t i t u d e  con t ro l  r e q u i r m e n t s  f o r  a s p c e  veh ic l e  cad 

4 

such as I n e r t i a  wheels and e l e c t r j c a l  propuls ion become a t t r a c t i v e .  For  

s h o r t e r  times and more st ren. ious r e q u j r m e n t s ,  t h e  j e t - r c a c t j  on devices  

3 r c a  advantageous. For  c e r t a j  n of t h e  j e t - r e a c t ? o n  a r p l j c a t i  ons t h r o t t l i n g  

arppars a t t r a c t i v e .  

3 

Methods were developed f o r  t h e  purpose of c a l c u l a t i  nr: t o rque ,  momentum, 

and p r o p e l l a n t  w e l l - h t  requirements  f o r  varf ous angu la r  a t t i t - i d e  mntions 

i n  a p lane  us ing  j e t - r e a c t j o n  devjce8. 

J n  r a t j o  form t c  t h e  moment of I n e r t i a  of t h e  space vpbfc le  whose 

a t t i t u d e  i s  he-lnq cf n t ro i ' ed .  

These parameters a r e  exprcssed 

. The reau-ired ar:g:ular mane.,vers are  expres;sed 

3 -74 



c o r r e c t  t h e  c o a s t  t r a j e c t o r y  f o r  any e r r o r s  in t roduced  a t  burn-out of 

t h e  i n i t i a l  propuls3on phase  of a space miss ion  due t o  t h r u s t  v a r i a t i o n ,  

guidance e r r o r ,  t r a c k i n g  inaccuracy, etc. Informat ion  i n  t h e  l i terature  

i n d i c a t e s  t h a t  a single maneuver i s  s u f f i c i e n t  t o  provide terminal 

p o s i t i o n  c o r r e c t j o n  wh i l e  u s e  of two maneuvers provides  bo th  tenninal 

p o a i t i o n  ana v e l o c i t y  co r rec t3  ons for Lunar and p l ane ta ry  m 3  ssions. 

From these cons ide ra t jons  a s i n g l e  mjd-course c o r r e c t i o n  was assumed 

4 

w i t h  t h e  second ( v t l o c l t y  c o r r e c t i o n )  maneuver being canbined wi th  t h e  

gross maneuvers in t h e  v l c l n i t y  of t h e  t a r g e t  body. 

. 

'. 
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Far the array of booster systema and space missions consider&, 

the space vehic les  have been analyzed based on the  propulsion 

systems descrlbed below (Tabla 1-5 ). 
4 

A description of the  assumed 

space missions is s h a m  in Table 1-6 . 
Tablo 1-5 

SPACE STAGE PROPLTSION SYS*TlN DESCRIPTION 

These space vehic le  systems (Tables 1-7 to 1-16) should be c o ~ i d t ~ e d  ' 

ea nominal, a9 only the major propulsion for these space stages w a a  

aonsidered. The breakdown of the space vehic le  stages indicated 

thrust level requirements for the various space maneuver missions. 

These preliminary recommanded propulsion systems me baaed on the 

trajectory maneuver analysis conducted md t h e  representative epam 

veh ic l e s  which are reviewed. 
b 
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%MISSIONS Soft, Direct 

PROPULSION SYSTB-:: 

SPACE 
BOOSTE3 VEHICLE STAGE ONE 

GROSS THRUST 

24,300 L2,lW 1B 

Nova: R-2 73,000 36,4CG .& 

118, OOO 59,cc's 6E 
4 

Nova: R2 

Nova: R-4 l46,ooO . 73,000 1C 

Nova: H-4 

. 

BASIC PROPULSION UNITS: 

B - 10 K High herw 
C - 7 5 K  



i 

! i u5 
I *  

1 
I 

I 

C& 
1 
2 

SPACE 
STAGE "0 

moss THRUST 
WEIGHT 
00 

10,500 7, 300 

261,000 183,ooC 

PAYLOAD LB 

5,000 

15,000 

126,000 

. 

FUNCTION 
Leave Ear th  orbit 
Lunar Landing 



4 '  

? 

. SPACE: PriC;Pi 

MSSICN: Lunar  S a t e l l i t e  an3 

SPACE BOOSTIB VuOHICLE STAGE ONE 
GROSS THRUST 

24,300 12,100 1B Saturn C-1 

Lsaturn c 2  . 1 
i 

Saturn: Nuclear 

Nowr R-2 73,000 36,4co 

6B 

Nova: H-4 

Nova: N-4 

3 ... 



SPACZ 
STAGE TWO 

.GROSS THRUST 
W E 3  CHT 
0 

75,000 37,SW 

PAP IDA3 

. 



L' . 
( 7  .. i:: I ?<. ..& 

... - .  ................. ... 

.. . . . . . .  . . . .  
. .. :,(-, + ...-. 
I_ . 5 >,.,L ' J3 
.. , 1 50 6 q  

--. t .5  _-__. 11.. 

- .. ... 

.:ir 

..... 

i 



, 

S'CkCE 
1 
- FUSCTION 

Leave Earth o r b i t  

STAGE 
3 
- E'UNCTION 

Leave Lunar orbit 
Augment Aerodynamic landing 



Nova: 13-4 

Nons: !;.-& 



4 

; Stage 3 - LO,/Ii2 or Stcrable; Prcssurc-Fed 89' Iadtcated 

' SPACE SPACE 
.3TAGE TWO I . STAGE THRFJS 

CROSS THRUST 
WEIGHT _ o m  
1, ooo 200 250 200 

24,500 

28,200 5,700 7,650 5,850 

.#,Doc 20, om 13,m 

8 

aPU.iCTiGN 
Departure from ear th  orbit 

E s b h l i s h  Lunar ort.It 
Land on moon 
L u n a r  launch to o r t i t  

STAGE 
1 
- 
2 

3 Depart L u n a r  o r b i t  
Establish %rth o r b i t  

i 

H-3208 1443 . 
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4 

c 

Nova €3-2 

4 

3,258 1,600 l A  

99 32C 4,700 3A 

[ r.9,floo . 9.700 1 3.B 
I----- --’ - 

. 



DESCRIPTION 

ITAGE 
1 
- 
2 
3 
L 

SPACE STAGE FCUR 
GROSS WT . ( lb TiBUSTkU) 

lbo lD 

Payload f o r  vehicles using a Lo2/% 
*fed propulsion s y s t e m  
for a l l  four stages. 

FUNCTION 
Depart from earth o rb i t  
Establish o rh i t  about Venus 
Depart Venue o rb i t  
Establish Earth orbit 

R-3208 

* 1-45 



4 

S?ACE STAGE O N 2  

GROSS WEIGHT TIBUST 
(Ib) 0 

SF.12 .- --- 

ZL, 3@0 12,100 lB 7 9 m  

"-- 
Nom R 2  7 3 , m  36,460 4.3 

Nom &2 1.18, OW 59,000 69 

Nova .%4 

4 



._._I .;. ... X .  . - . . . . ~  

C I  . 1,280 I C  

i 
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i 

E 
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f 
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I 

1 

I 

4 

.dbo 

1,270 

* Payload f o r  vehicles us- a LO2/+ PUnpF-Fd 
pro~ulsion system for all four stagea, 

FUNCTION 
Leave t h e  e a r t h  crbit 
E s t a b l i s h  Mars o r b i t  
L c p a r t  h r s  orbi t ,  .. w t a b l i s h  arth cr'cit 

110 

,710 

. 

540 

@ 

3- ? c ?P 
1-: ,7  - .  

F 
0 

-- .-.a we_. u____I ---- 

I I 
I 
! 1 
1 
i 
f 
b 



KO- R-2 73,000 36,s~ LB 
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h a m j n a t i o n  of t h e  t h r u s t  l e v e l s  r e s u l t i n g  ( f o r  t h e  space s tapes )  

suggests t h r e e  > o s s i h l e  approsche:: iri des igning  space propuls ion  

sylstoms f r r  t h e s e  missions.  

The most cbvious approach and y e t  t h e  costliest i n  time and money 

meld be a p r o p u l s i o n  F y s t m  for easb  of t h e  i n d i c a t e d  thrust l e v e l s .  

?:his presuppozes +.hat, a l l  1 2  vehic los  would be used f o r  ali m1ssion8. 

A m u l t i t \ i d e  cf diffc .Gent  engines ucu13 be necesssrj' t o  supply  t h e  
0 

,. r <%V , ~ u l s . l o r :  f o r  a l l - o f  t h e  v h i c l e  stages. A payload roview i n d i c a t e s  

 me of  t h e  v e h i c l e s  wcId serve nc h p o r t a n t  u s e  f o r  many of the 

missions s e l e c t e d .  Those vehicles t h a t  arpear  t o  be most l i k e l y  

f o r  t h e  mjsslon were noted (sbaded areas).  Thus, logically only 

p r o p u l s j  on systems f o r  t h e s e  p a r t i c u l a r  v e h i c l e s  woclld be requlred. 

The cecond approach i s  der lved  from consfderatjcn of t h e  propuls ion  

requirements.  

two p o s s i b l e  propuls ion  needs f o r  space missions.  

The space v e h i c l e  s e l e c t 5  on f o r  t h e  mlss ions  I n d i c a t e s  

Recause of t h e  

storage problen i n  t h e  deep-space mjssions,  both high-energy propellant 

and storable p r o p e l l a n t  s y s t m s  may be employed. From t h e  t h r u s t  

requirements  i n  t h e  charts, t h r u s t  levels c a n  be selected such t h a t  

a l imited  number of high-enerpJ propellallt propuls ion  systcms and 
- 



I -  

lk 

starable propellant propulsion .sFt,mm.s CEE s ~ t i s f y  the d m x + s  =f 

any of the 10 v e h i c l e s  listed. 

can be s e l e c t e d ,  one each i n  t h e  fo l lowing  ranges of t h r u s t :  

Three high-energy p r o p e l l a n t  syst.ems 

I. 1500 to 5OOO lb 4 

2. 10,000 t o  25,000 I b  

3. 75,000 t o  100,000 lb 

For s t o r a b l c s ,  the thrusts can be arranyed i n t o  rawr’s  o f :  

1. 150 t o  500 I b  

2. 1000 to 50K1 lb 

3.  7500 to 20,000.lb 

If tho  higher  thrust of these r,mges is chosen for bapic propulsion 

systan  units, each system is  app l i cab le  t o  s e v s d  v e h i c l e s  12; one 

or more stages. 

In applying one of these  b a s i c  p r o p d s i o n  w i t s  t o  a vehicle,  t h e  

t h r u s t - W e i g h t  r a t b  must bo maintained v i t . h i n  +he l h l t . a  i nd ica t ed  

previously. Nonoptimiun tlrust-t,o-wqi.ght r ~ t t 9 s  R ~ C  obtnined, enc! the 

payload loss  must, he ronriidrrPrd. For h s t n n c c ,  R 257000 Ib basfc 

propulRion unit may be ~ppliL& 9s a P t g e  f c r  one vci:i.clc a d  I t s  

initial t h rwt - to -we igh t  r r o d d  be a? lot: as C.2 f a r  8 pwticulq 

propulsion phase. 111 app l i co t lon  t o  oncther  vchicle, the tbmis t - to-  

weight may be as lar<:e e l.2 (“i‘bla i . - l f ’ ! .  This possible porfornianca 

4 
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t b r d s t  in Bwh 02 :he th-ee renges w o d d  give b3sSc units of 1500, 

I.Q9XO, and 75,300 Ib t h rus t .  For storable prope l l an t s ,  thrust  

levels of 130, 1930, anrl 7500 lb can be selected. 

. 

, 

4 
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TABLE 1-17 

Rang. of Stag. 
Gross Wolghts, 

lb 

APPLICATION OF SINCLE UNIT ENGINES 

unit nq3ina 
wt. 1000 lb 

I -  

3 

20 

I .  

4.5 6.0 

30 40 

15,000 3,""> 

5 

25 
15,000 

100,000 

100 

1 1.67 

10.25 

TBBLE 1-18 

THRUST ACHJXVARLE WITH CLUS- UNIT ENGINES 

unit Engin. 

1.5 

Thrrwt, lo00 lb 

10 

75 

1 

1.5 

- 
10 

75 

I 
7.5 

50 

373 

6 
9.0 

60 
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Theso bmic unit8 chambers, feed systems, and tanks can be used 

singly ar clustered t o  g ive  awidb  choico of thrust levels. I n  

clustering, t h e  system inert weight may be larger than far a s i n g l o  

un i t  of the 8-0 th rus t  l e v e l ;  however, t h i s  weight  p e n a l t y  may 

be loss important  t h a n  the  e impl ic i ty ,  r e l i a b i l i t y ,  and development 

cost  a s s o c i a t e d  wi th  dosigning propulsion systems for each of t h o  

th rus t  levels needed fm t h e  m a n y  missions anelyzed. 

less t h a n  t h e  1 0 ~ s  i n  payload pmfarmance when us ing  a thrust-to-weight 

4 

It may d s o  bo 
4 b  

r a t i o  too far from o p t h m .  

Tho number and type  of bas i c  Unit6 app l i cab le  t o  each v e h i c l e  a d  

mission i s  indica ted  on t h e  char ta  i n  the s e c t i o n  e n t i t l e d  General 

Vehic ls /Miss ion  Descr ipt ion.  

. miss ions  w i l l  be recommended far f u r t h e r  study, it is clear t h a t  

s e l e c t i o n  of these bas i c  propuls ion systems far design ensures pro- 

pulsion systems appl icablo  t o  any of t h e  v e h i c l e s  and missions.  

Although only p a r t i c u l a r  v e h i c l e s  and 

Secondary constraints imposed upon the  d r s i g n  of propuls ion systems, 

e s p e c i a l l y  fco. some of t h e  p o p u l s i o n  maneuvers such as landing, may 

rtqcire m i i n e  tAkc t t l eaDi l i t y .  %,her thirigs such as p~epeZlarit 

storage, p r o p e l l a n t  volume, and redundancy of engines enter i n t o  

system s e l e c t i o n  and may o b v i a t e  some of t h e  approaches descr ibed  

above. Thtrefore, when subjected t o  the  f u r t h e r  c o n s t r a i n t s ,  on. 
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of t-h;: ;nproaches may appear as the only solut ion t o  t h e  p o b l a s .  

Preliminary analysis, however, indicates t h a t  any of the threo 

approaches can be taken t o  provide the propulsion necessary to  

accomplish any of the missians presented heroin with the  selected 

vehicles.  

VE;HICI,E/~ISSION COBINATIONS RFX=O&ED FOR FUREEX STUDY 

In the Phase 1 studies  tho numor’ou~, h o d  aspects of spaco mission 

propulsion roquiranonts have beon considered. For spaco missions of 

i n t e re s t  propiI.1~11~0 maneuvers and propulsion systems were ocmbinod 

t o  dwcr ibo  spaco vehiclos ( i n i t i a t e d  in a 300 n m i  orbit) to 

a c e q l i s h  these missions based upon curredt and futuro booster 

vehicles. I t  was concluded t h a t  i n  these vehic les  

the  Earrth (vi‘cinity) i n i t i a t e d ‘  stages would use high-onargy, cryogorric 

propollants.  For space ateges i n i t i a t e d  after actmaneb long coast periods 

s k a b l o  propdhnta  may b. advantageous; 8 deta i led  dosign comparison 

of the  two typos of p r o p e l l a n t s  should bo ms80 considering insulaticm 

roquirements  d based on a dotailed stage layout. 

V a r i o u s  method8 of aelocting engines far us0 i n  t h e  diffarent  

vohicles ware considerod and e i ther  (1) clustering bat& engino unita 
4 

t o  achiwo new optimum thrust-to-weight r a t i o s  rn (2) using singlo 
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h m i e  angina units t o  operata a t  possible nonoptimuvn thrust levels 

appoared t o  have advantages depending upon t h e i r  application. 

c 

fiom t h o  m a y  of miasions/vchicles considered ce r t a in  combinations 

WIFO einglod out as worthy of more detailed study. These mission/ 

vehicle  aelectlons a r c  made to reduce the  propulsion systpms t o  be 

studied in d o t a i l ;  i n  t h i s  cme a system which typifies t h e  combinti 

t i o n s  vould bo considered. 

combinations which are of par t icu lar  i n t e r e s t .  Follcying theso  two 

l inos  of thought 10 vehicle/mission combinations were suggested fur 

aoro dotailod study, (Tablo 1-19). These combinations cover the 

gamut of 8 i Z e  and mg~uwor requirements. 

upon f ive  (checkod systems) of these combindtions and considering 

the remaindm i n  a somewhat secondary m a n n e r  w i l l  serve t o  faci l i ta te  

the  detai led study. 

Selections can also bo mad. of individual 

Placing pripparg emphasis 

Propulsion systems can b6 optimized and designed far theec paf t i cu la r  

vehicles. 

and penal t ies  of o f f d e s i g n  operat ion,  these propulsion sptems can 

be officitntly utilized for ref,icles ot l ler  than those considered. 

Ely determining and remaining aware of the  possibilities 
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'The Phase 2 i n v e s t i g a t i o n  was ccnciucted to aralyze and desc r ibe  t h e  

- e ? u i r e m n t s  of the three space missions Table 1-22 that were r e c o m n d e d  

f o r  further stuzg in Riase 1.. Necessary t o  the analysis of a l l  three 

m s s i o n s  i s  the s tudy  o f  c e r t a i n  propulsion system features. 
4 

These . 

features and their e f f e c t s  on the  p ropu l son  system can bc s tudied  t o  

;A &<:cat e x t e n t  lndepenc!e:it of a p a r t i c u l a r  sp3ce miss; on. 

Space Erivtronment; 111 

The various c o n s t i t u e n t s  of t h e  space e n v i r o m n t  were found to have 

s i g n i f i c a n t  effects on the space propuls ion systen. The cmdi t i o n s , o f  

hard vacuum, p a r t i c u l a t e  r a d i a t i o n ,  zero gravity, meteoroids, and h e a t  

t r a n s f e r  are all such that t h e  ope ra t ion  of a p ropu l s ion  system in 

space would ?E s e r i o u s l y  compromised unless t h e  proper  design procedures 

are followed. 

Hard vacilum and particulate r a d i a t i o n  pmsent l a r g e l y  a material 

s e l e c t i o n  problem. By designing the propuls ion system w i t h  materials 

which do n o t  sublimate in vacuum o r  d e t e r i o r a t e  under p a r t i c u l a t e  

r ad ia t ion  these problems can be circumventzd. 

a guide t o  nawrial s e l e c t i o n  for space appl ica t ions .  

Tables  3-5 and 3-7provide  

a 
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Space 
Hissirm 

N O m i n d l  
Booster Earth Escape 
Vehicle Payload, lb 

Soft ,  Lunar Landing Nova H-6 1,50,000 (Vary from Nova 
and Return t o  Earth's 
Surface (Aero) 

Mars Orbi t  (No Return) Nova 11-6 19,000 (Vary from Fr0V-a 

H-8 to Saturr: C-2) 

H-0 to Saturn C-2) 

Orbital Rende zvms Nova H-2* _ - - - - - -  
- I_---- 

%-Substituted f o r  C-2 
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k a t  transfer in space presents problems in s t o r i n g  pro2el lan ts  for 

. t.xturtr.r;J.ed tirnes. These srob.'l-ems ar53e n o t  only from t h e  thermdi Faah- 

$'on cv i t t ed  by +,he s m  and planet, but from cor.du~:tlve heat tramfer 

w l i c h  occurs between dissimilar prope l l an t s  o r  betqeen t h e  ~ r o p l - l a n t s  

arid o the r  internal heat sources. Studies indicate t ,Pq+.  the "ea,-th storable" 

propel lan ts  (hydrazine, etc.) can  be eas i ly  maintamed through proper 

surface and a t  tiiude con trcl, 

tile cryogenic  p r o p e l l a n t s  (hydrogen, etc.) can be EUiinfAirIed by surface 

arid attituxit. contrnl i n  combination with the applicat ' -on of a good 

b s A a t , i m  ~ a t * e r : a l  such  as Ende s1-4. 

For the missions c - u ~ , ~  tly con ternplated 

- 

R-3208 



MssiOri5 of long dux-atim my require so  much h i d a t i o n  f o r  the cryogenic 

(h igh  energy) propellant combinations t h a t  a s torable  propellant system 

will be able t o  provide more payload capabi l i ty ,  This is i l l u s t r a t e d  
4 

by Fig,  1-3 developed in this study. 

of storage time and p rope l l an t  weight which C Z U S P S  the  payload of the 

cryogenic ( L02/IH2) comb' Anation to  &crease t o  t h a t  of the s torab le  

propel lant  (MON/MMH) combination. - If  the 'combination of storage t i m e  

and propel lant  weight rtsl11t.q i n  a point above the curve the  MON/F%¶H 

combination will  provide the greater  payload, i f  belau the cur= the  

L02/IH2 combination w i l l  provide the greater payload. 

Studies  similar t o  t ha t  above indicated tht f o r  the present space 

The figure presents  the combination 

vehicle, based on the NOVA H16 booster, M2/LH2 could be used i n  all 

stages f o r  both lunar and Mars misslons. 

propel lants  is s t m n g l y  dependent upon the internal conduction, the 

s ize  of  the vehicle i n  question, and the method o f  s torage (no loss vs 

propellant bo i lof f ) .  These require add i t i ona l  s t u d y  before a complete 

evaluat ion cart be made. T h  internal conduction in pa r t i cu la r  i s  a 

function of the deta i led  design o f  the vehicle and is dFff icu l t  to 

The s t o r a b i l i t y  of these 

analyze i n  a general manner. 
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. - . - , , , . . , 

Heat comluctien botl~eer. p r o p e l l a n t  to&s = 10 BTU/hr. 

h p f e d  sy9tuna. 
Liade S 1-4 insu lo t  ion. 

S T .  -1 . 
110 a-cur-agc lossca. 

Propellant Wei::ht, l b s .  

F igure  1-7. E f f e c t  o f  Space S t o r a g e  T i m e  on P r o p e l l a n t  S e l e c t i o n  

1-62 R-7208 



E?!Gl?.T PAFAMETFF, OPTM17ATTON 

It is g e n e r a l l y  d e s i r a b l e  t o  u t i l i z e  t h e  propuls ion  t h a t  provides  t h e  

maximum payload c a p a b i l i t y  f c r  a given gross weight. Th l s  payload 

c a p a b 3 l i t y  is strongly a func t ion  of t h e  engine  ope ra t ing  parameters: 

mix ture  r a t l o ,  th rus t - td-ue ight  r a t i o ,  chamber pressure ,  and expansion 

r a t i o .  

c a p a h i l j t y  can be prov5ded. 

Rocketdyne stur‘ j  es parameters were s e l e c t e d  f o r  t h e  pxel iminary 

propula jon  systems t o  be  used in t h e  var ious  mission s t u d l e s .  

Ey proper  s e l e c t i o n  of these parameters maximum payload 

Through c o n s i d e r a t i o n  of previous, 

. 

Method6 are also developed f o r  t h e  rap id  s e l e c t i o n  of t h e s e  ope ra t ing  

parameters E:’ ven c e r t a i n  hardware informati  on. Uslng t h e s e  methods 

optjmum chamber p re s su re ,  expansjon rat io, and thrust-to-weight r a t j  o 
t 

can be determined. The e f f e c t  of va r ious  f a c t o r s  on t h e  optimum chamber 

p r e s s u r e  3 s  i l l u s t r a t e d  i n  Flgure 1-b f o r  pump and pressure-fed ~ystems.  

Var!at,ion o f  +, s M  Itn c e r t a i n  f a c t o r s  ( thrus t - to-weight  r a t i o , ?  ; pump 

weight factor,* ; t h n i s t  chamber weight f a c t o r , p  ; bulk dens i ty& ; 

t ank  weight f a c t o r , d ;  p r e s s u r e  drop f ac to r ,F$q  affect  t h e  optimum 

chamber p r e s s u r e  as shown. 
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*i 0 

-50 'I, rJOMINAL + 50% 
4 

FACTOR VARIATION 

F i g u r e  1-4. b a c t o r  Ynrintion 
b 

1 - t 1 4  



b r l g  engine start-up mr3. -ut-off  ,VWXL is a functio:i of tim, 

transient t kds t  build-up or &cay 

impulse to the vehicle. 

Tb i  :: 

contr ibutes a ce%?--L m,ouit, of 

h e  to v&atio:is in engine c o r p n e n t s  this 

4 

j -!.? 



M A 1  H V A L V E  V A R ~ A T ~ O N  I I 

z 

TI M &. 
Variations i n  C u t o f f  I m p u l s e  

Jc 

Figure  1-5.  
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For propuls ion sys+uerns vliicli sdpply f a i r l y  large ~ e l o c i i y  incmmzts 

this mount o f  t rapped p r o p e l l a n t  w i l l  s i g n i f i c a n t l y  d e c m a s e  the  payload 

c a p b i l i t y .  

u t i l i z a t i o n  sys&ten would be bene f i c i a l ,  

4 

I n  these  systems a mixturn r a t i o  c o n t r o l  o r  p r o p e l l a n t  

halys is  of thrust v e c t o r  co r rec t ive  torquo requirements f o r  space . 
mhicles i n d i c a t e s  that ,Tnerall.i a gimbal. ar.gie of  1 t o  2 degrees  4 

( t o g e t h e r  with an a u x i l i a r y  r o l l  c m t r o l  s y s t e m  if a s i n g l e  engine i s  

used) should be employed. 

maneuvers a small separa te  a t t i t u d e  con t ro l  dystern would be adequate 

( t h e r e b y  al lowing a non-gimballed engine) cons ide ra t ion  of engine t h r u s t  

Althouch f o r  sore space powered-flight 

v e c t o r  and vehic le  c.g. m i s a l i g m n t s  d i c t a t e s  w i n  engine gimbaling. 

For a ,qec i f ic  m?hicle these  requi ranents  should be analyzed i n  more 

d e t a i l  so t h a t  veh ic l e  dynamics can be considcmd.  

Study of the a c c e l e r a t i o n  l cads  todxich a space ve!?icle would be subjected 

i n d i c a t e s  t h a t  the  i n h e r e n t  law in i t i a l  tiuust-+,o-weight systems E q u i r e d  

uould msul t  i n  low f l i g h t  loads d u f q  ?ace sJ,age opera t ions :  

a p p r o x h a t e l j r  4 g t c  axjal and 0.5 g t s  la teral .  More severe requirements 

are d i c t a t e d  by b m s t  phase ala ground handlirlg cons idera t ions .  

NorrLnal values f o r  these e f f e c t s  are: 
4 

D i r e c t i o n  Load @era t ion  Phase 

Axial d e ' s  %os t 

4 g ' s  Handling 
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SPACE PROPULSION SYSTDI S E C I F I C A T I O N  CA'iALOG 

A c a t a l o g  of s p e c i f i c a t i o n s  which will c h a r a c t e r i z e  t h e  space propuls ion  

system was deveAoped from information acquired during t h i s  s t u d y  and 

from p rev ious  Rocketdyne experience: 

s e c t i o n s .  

This c a t a l o g  i s  d i v i d e d  into two 

The first, Table 1-21 ,p re sen t s  gene& propulsion 3ysltern 

- ' i n fo rma t ion  while the second, Tablei-12,is concerned with t he  s y - s p ~ ~  
* 

components. 
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I -  

4 I. E r x r g y  Reqiirements 

A.  Y ~ O t d l  hnp.i!.se impired ( o r  Idea? Veloc i ty  Incremnt) 

(1) ~ I ~ J L ~ I U R ;  Ftission 

( 2 )  Minr;J;1.m; Miss ion  

B. Maxinum Impulse (Veloci ty)  h c r e m n t ;  Xisslon 

C Minlmm lirpulse (ZTelocity) hcre ,wnt ;  i ~ s s i o n  

D. NTmber of b i c n m n t s  

II. T h r u s t  

A. Kagnitude 

(1) Steadys ta t e  Desi,nn Thrust I Q n i t u d e  

(a) Thrust- to- ikcth Wej.gE. t R a t i o  

(b)  Absolute Value 

( 2 )  Tolerance 

(a) Enme-to-Englne 

1-71 



TABLE 1-21 

( Continued ) 

(L) Accuracy of Thrust Programming 

( 5 )  Number of Restarts 

( 6 )  Type  o f  Thrust Control  

B, ~ ra r i s i en t s  

(1) S t a r t  Sequencc ( i g r t t i o t i  and response time) 

( 2 )  Star t -up  Impulse 

(a) Nominal 

(b)  ~ Tolcrance 

( 3 )  C u t - D f f  Impulse 

(a) Iiomindl 

(b) Tolerance 

(4) T i r o t  t l i n g  T r a n s i t i o n  and Response T i m e  

(4 s t e p  

(b) Continuous 

C ,  Thrust  Vector Control 

(I) Vector Control EecyJircrnent 

(2 )  Xetiiod of Control 

( 3 )  Engine Thrust  Vcc+vor Flisalignment 

(4 W N a r  

(b) lateral  
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I 

i , .  

A. Compos i t ion  

B. Mixture Ratio 

(1) Nominal  

( 2 )  Tolerance 

(3) ~ i x t u r e  h t i o  Range 

C. Specific Impulse 

(1) Hcference engine p a r w t e r s  

(a> ~ixtilre r a t i o  
. 

* 

(c) Expansion r a t i o  

( 2 )  ;Jrminal spec i f ic  i $p l se  a t  refel-encc c o n d i t i o n s  

73)  YLinLmlm at reference condit.ims 
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expoxed surface c!-.arnci,eristics 

(h) tzxtern,d ins-dation 

4 
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VI. O f f  'ksign Operation 

A, Exchaqy Fac to r s  f o r  Perturbation f r a  Nominal 

(1) Engine O p e r n t h g  Paramtern 

( a )  Mixture Rat to  

(b) Gkqi5er Pressure 

(c) E x p m s i o n  Ratio 

(d) T h m s t  

4 

(2) tia-dwaru? Wcl.l:ht Equivalent o f  Specific Implse . 
3. A l t e r n a t e  Mission Performance 

. 
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I. &frame and Propellant T a n k a  

A. Propellants 4 

1. Propellant Description 

a. Propellants 

b. NdminalMixture Ratio 

C .  Propellant Temperature Limits 

2. Useable Propellant 

a. Kazimm 

bo Mininnm * 

3. Reserve Propellant Welg;hts 

1-77 R-3208 
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C. Tank Pressure and NFSH 

2. Tolerance 

Do Thermal Control 

b. AcrocQ-mmiu 

C. Intentrrl 

do Space Loads 

2. Temperature L b i t s  

E. Wro SraVity Requirements 
. 

1. Gas/liquid Se-~ara t ion  Flequirsmsnts 

F. S-irg, ?&omtry, and Configuration Requiremats 

H. Propellant U t i l i z a t i o n  System H e q h a w n t a  

I. Tank and S t r u c t u r e  Je igh t  Lln t2 . t~  

11. Fressurization System 

A. Purposes of Pressurization 

2. Inc r o r m t s  



0 

T-IE 1-21 

( con t i n  u e ci) 

C. Gas Pressure Fn Propellant Tank 

1, N o ~ d  

2. Tolerance 

D. Propellant Properties 

1, Thenodynamio 

2. Compatibility 

E. -D.VirOrUrrant 

4 1. Storage 

a. Time 

b. Gas V o h m  D u r i n g  Storage 

2. T h e r m a l F m i r o ~ r i t  

3 .  Zero Gravity 

F. Weight 

111. mine System 

A. Propellant Description 

1. Propeuants 

2. Thennodynamiu Properties 

3. Mixture Rat io  

c 

d 

a. Nominal 

bo Tolerance 

B o  Thrust 

10 NomFnal 

20 Tolerance 

30 Transients 

4 
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TABLE; 1-21 

( C o n t i n u e d )  

C. Tspe of Feed System 

I E. ngine Inlet Conditions 

1. Storage 

a. Time 

bo Gas Volume During Storage 

2. Thennal Errvironment 

3. Zem Gravity 

F a  Weight 

111. JmgFne system 

A. Propellant Description 

1. Propellants 

2. Thermodynamic Properties 

3. Mixture Ratio 

a. Nominal 

b. Tolerance 

B o  T h r u s t  

1. Nominal 

2. Tolerance 

3. Transients 

‘2. Type O f  Feed S y s t e m  
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I. 
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Figure 1-9. Maneuver Combiniptions for Lunar Landing 
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a 

first  e s t a b l i s h e d  ( t h e  p l a n e  of which i s  determine? by t h e  ve!?ci+,y 

vector. a t  t h e  beginri5fit; o f  tko t r a n s f e r  pzase) usin,! 3 t h r u s t  

a n t i - p a r a l l e l  tr, veloc’l ty pnaneuvex-. T h i s  c i r c u l a r  orbit i s  ccnverted 

t o  a 59 n. ~i . /30,030 f t  e l l i p t i c a l  c r b i t  with p e r i o p s i s  s l i g h t l y  

before  t h e  d e s i r e d  l a n d i n q  spnt.  

a p p l i e d  a n t i - p a r a l l e l  t o  ve loc i ty  t o  b r i n g  t h e  vehicle t o  a low 

a l t i t u d e  w i t h  a s m l l  r c s l d u a ?  d u ~ c e n t  w ~ l x l t y .  

t . r s w l a + i  g n a 1  c a p a k i l i t i e s  a r e  prov’jerl f o r  t h i s  mission. 

A t  t ne  p c r i o p s i s  t h r u s t  is again  

4 
P o w r i n g  and 

The takeoff  wne1:ver was d e t e m i n e d  9y type  of 13n3ing. ‘{ertical  

t a k e o f f  t o  moon/er;rfh t ra7 ,s fc r  t r a 2 e c t o r y  was xsed i n  conjunct ion  

wS t h  t h e  v e r t i c a l  landink- m n ? ~ 1 v e r ,  and a takeDfi’ t o  a 59 n. mi. orbit 

. 

p r i o r  t o  t h e  t r a n s f e r  was considered f o r  t!ie o r o i t a l  l a n d i n g  case. 

Yicicotlrse c o r r e c t i o n s  were pri>vided f o r  a s  i n  th; ear thlnoon 

t r a n s f e r - t r a j e c t o r y .  Earth r e -zn t ry  and l and ing  maneuvers were 

assumed t o  be acconplished aerodynF.mically. 

The v e r t i c a l  descent  t r a j ec to r t r  i s  most s t i i t ed  t o  s.ystems. having 

simDle guidance  systems and f ixed t 3 r u s t  encines .  T h e  p r o b a b i l i t y  

of snfe r e t u r n  appears lower t5an t h a t  of’  tho o r b i t a l  t r a j e c t o r y  

and t h e  l a n d i n g  poin t  i s  r e s t r i c t e d .  CaFability of ?ne r e s t a r t  

1-87 R -3208 



w i l l  be r p q u i r e d .  T h e  orbital l a n 2 i n z  t f ~ i . ' n r i i ~ ~ ~  ?sT;ures  ?,hat t h e  

ve5icle w l l l  no t  c r a s h  i f  t h e  e n c i n e s  f a i l  t o  i,o;nit,n. The maneuver 

Takes  ESP of  (ascuv'ie.! ) previous l u n a r  o r b i t a l  emer i  e n c e  and p e r n i t s  

l a n d i n c  a t  :Jny n o i n t  on t % P  l u n a r  s u r f a c e .  
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upon touchdown. For t h e  o r b i t a l  landir,g, i t  i s  d e s i r a b l e  t o  s t a g e  

p r i o r  t o  the descent  from o r b i t  naneuver i n  o r d e r  t h a t  t h e  th r i i s t  

0 

requi red  f o r  t h a t  maneuver does n o t  gnfovorably jnf luence  t h e .  

t h r u s t  l e v e l  s e l e c t i c n  of previous ;;ianouvers. 

t e n d s  t u  i n d i c a t e  a redundant multi-enpi ne propulsion system s : ? o ~ i d  

be l ised f o r  increased  landiny:  re1 % a b i l i t y .  

Prel iminary review 

# 

A broadband ( s o ) ,  three axis,  a t t i t u d e  c o n t r o l ,  proD:>ision s y s t m  

which f u n c t i o n s  during t h e  en t , i r e  t r a n s f e r  can be i n c l u d e d  a t  a 

weight of l e s s  than 109 Ib, T h e  nidcourse c o r r e c t i o n  and  orbital 

conversion maneuvers can be performed by t h c  main p r o p u l s i o n  systern 

u s i n g  t h e  a t t i t u d e  con t ro l  engines  f o r  propel lan t  s e t t l i n g .  

b 

A d e s c r i p t i o n  of  t h e  propulsion systems used i n  t h e  l l inar  l a n d  and 

return mission !i n t e m e d i a t e  o r b i t  method) i s  presented i n  Tables  1-25 

and 1-26. These d e s c r i p t i o n s  were developed based on t h e  propuls ion 

system s p e c i f i c a t i o n  catalog.  

1-93 
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GENERAL PRoPuIsIm s Y ; m  DTSCHIPTION 

A. T o t a l  i d e a l  Velocity Xncrmext i!a!Jired = l3,700 f p s  

B. MNcimum Velocity Increment 

1. Irirment a i3,1501fim 

2. p!ission: 2ar.t;hfMoon Transfer 

C. ?!inimum Velocity Increment 

1. Increment 150 fps 

2. Mission: Mid-coirrso Corrsction 

D, Number* of Incrementis = 4 



0 .  ExpansionRatio: 30 

2. Nominal Engine Speciiyc Impdm at Refemme Conditionu: 

428 seo 

A. Zero Gravity Propdhnt SUPPU . 
pt 

1, Uquid/Vapor Separation Requirement: Provide ud 
propellant f o r  en- s t a r t .  

2. Nmober of Zero Gravity Engine Starts: 4 
4. TankVen t i2 lg :  Nons 

1-95 11-7208 



r Y m L E  1-25 

(Con t i r iu  ed)  

3. Propellant Tanperatwe L i a d t s  

a. Liquid -gem 

(1) bwerr Propellant FreezFng 

( 2 )  Upper: Propellant vapor pressure and densi ty  

m u s t  not exceed limits of propel lan t  

tank and enghey 

b. LiquidEiydmgen 

(1) Wer: Propellant lhez ing  

( 2 )  Upper, Propellant vapm pressure and density 

muat not exceed Umits of propellant 

tank and engine. 

C. Component Design Restrictionsr Protect from, or Design for, 

EarthJHoon Vicinity space Enviromnt .  

F. System Purging Requirements: 

1. Number of Purgest 3 

4 



I -  



1. Storage 

E o  Thrust 

4 

R-3208 



. Lunar Landing md Ret-  Vehiale (Orbit&)# S t q e  2 

QENERAL PROPUISICB SYSTH DFSCR.I€TICM 

A. 

I '  B. 
. I .  

C. 

D. 

110 Thrust 

Total Ideal Velocity Increnant Reqdred 

l4-m Velocity Increment 

1. rncrcuraent 6lroo 13x1 
2. Missionr M n g  from orbit 

Minhm Velocity Incremunt 

1. mrement - 60 .fps 

2. Y A S ~ C X A ~  ElUptica?. (%bit E s t a b l i s h a n t  

N u m b e r  of Increments * 6 

15,170 fps 

s 
4. 



4 

6 

1-100 



. 

c. 

F o  
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TABIE 1-26 
( (7ont.i ?I?! e d )  

- 11. Preesurization S y s t a  

A. Purpoees of Pressurlzatctonr Provlrte sufficient NFSH for 

turbopump operation end asd11t in prarLding s t r u c t u r d  aupport, 

as required. 

1 - I %? 11-320s 



1. Wrearents: 6 

1. Storaga 

a. Timet 2 Weeks 

2. n e d :  E a r t h h o o n ~ i c i n i t y  

In. Ehginesystean 

A. P r o p e k t  Description 

1. Propellantst Liquid  oxygen/Wqdd Hydrogm 

3. MixtureRa-Uo 

a. Nominalr 5.0 (O/F) 

bo Tolermcer 0.5 percent 

C o  T m  of Feed Sy-8 Turbop- 

D. specific Impulse 

1. NonLnalt 426 seo 

3. Thrattung RequFrmenf 

1, Stepr 6r l  

2. Continuoas: 6percent 

J. Brpirpnrent: Earth/koon Vicinity Spaae 
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Figire 1-14. 200-Day Mar9 Transfer,  
F i r s t s t a g e  Specifications 
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I 

propuls ion  system o p e r a t i o n  w i t h  a change I n  t h e  i n i t i a l  gross  weight; 

and t h e  p ~ r f n r r . m c e  charige f o r  a s e l e c t e d  v e h i c l e  with a t h r u s t  

magnitude change. 

I 

For t h i s  s t a g e  l i q u i d  oxygen/liquid hydrogefi p r o p e l l a n t s  a r e  

feasible. If t h e  i n i t i a l  gross weight of t h e  space v e h i c l e  dec reases  

s i g n i f i c a n t l y ,  s t o r a b l e  p rope l l an t s  awpear more advantagous. 

t h e  i n i t i a l  g ros s  weight of t h e  space v e h i c l e  i n c r e a s e s  t h e  cryogenic 

p r o p e l l a n t s  d e f i n i t e l y  appear more favorable .  

As 

The seoond st&e 

propuls ion  system is recommended a s  a c l u s t e r  of three-10,000 l b s  

t h r u b t  engines  ope ra t ing  a t  a cons tan t  t h r u s t  l e v e l .  One of t h e  

engines  must  be  r e s t a r t a b l e  t o  change t h e  in t e rmed ia t e  o r b i t  i n t o  

t h e  f i n a l  o r b i t .  The propuls ion  systems w i l l  be pump-fed. 

The h id-course  c o r r e c t i o n s  should be ap2 l i ed  by an independent system 

wi th  a c a p a b i l i t y  o f  approximately 300 ft/sec t o t a l  v e l o c i t y  increment. 

This system w i l l  be e x t e r n a l  t o  t h e  s e a l e d  second s t a g e  engine  system. 

The mid-course c o r r e c t i o n  system may be 3n i n t e g r a l  part of ,  o r  t h e  

t o t a l i t y  of t h e  system requ i r ed  f o r  a t t i t u d e  c o n t r o l  of t h e  v e h i c l e  

du r ing  t h e  t r a n s f e r  phase. S ince  a t t i t u d e  c o n t r o l  system analyses 

were beyond the  scope of  t h i s  s tudy ,  no recommendations can be made 

a s  to'the i n t e g r a t i o n  o r  s e p a r a t i o n  of t h e  hid-course propu l s ion  

system w i t h  t h e  a t t i t u d e  c o n t r o l  system. 
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A d c s c y i n t i o n  cf +,he propulsion s-ys tms used in this Mars mission 

s s  preqcnt-.,! 

7pLci  ficption c a t a l o g .  

Tzbles 1-27  and I-pgbnsei l  OR t h e  propulsion system 

0 

. 
4 

4 

1-1 12 

. 

H -3208 



TAELE 1-27 

SPACE PEOPULSION SYSTM SP5CIFTCATIONS 

Mars Orbit  Establishment Vehicle,  First Stage 

General P r o p u l s i o n  System Descr ip t ion  

I. Energy Requirements 

4 

A. T o t a l  Impulse  Required 



I .  

+i .3  p e r c t n t  
_I 

5 Ftun-to-run: 

I?. CDntinuous:  None 

4. !lwhr of  P,eutart,s: 0 

3. Yixture Ratio 

2. Toler2nc.e: - +5 percent,  

C.  Spec i f l c  inlpulse 

1. Reference Engine Parameters 

a .  Mi.xture Ratio: '  5 b/f) 
b. Chamber Pressure:  500 p s i a  

4 

c.  Expansion Ratio: 30 

2. Nominal S p e c i f i c  Impulse  at, Peference Conditions:  k26 sec. 

1-114 
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A. ?taro Grav i ty  P r o p e l l a n t  Supply 

1, L i q u j  dfVapor Separation Requireaent: Providc l i a u < 3  ?ro-Jel l e  

for erg ine  s t a r t .  

2. Nuic5er of Z e r o  G r a v i t y  Engine S t a r t s :  1 

3.  Tartk Venting: None 

B. Space S torage  of P r o p e l l 8 n t s  



R -3208 
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11. P r e s s u r i z a t i o n  System 

A .  Purposes of P res su r i za t ion :  Provide s u f f i c i e n t  NPSH f o r  

turbopump o p e r a t i o n  end. a s s i s t  

i n  provid ing  s t r u c t u r a l  suppor t  

a s  requi red .  4 

E. Gas Volume i n  P rope l l an t  Tank 

1. Increments: 1 

C. Environment 

1. S to rage  

a. Time: a few days 

2. Thermal: E a r t h  v i c i n i t y  

111. Engine System 

A .  Prope l l an t  Descr ip t ion  

1. Prope l l an t s :  Liquid Oxygen/Liquid Hydrogen 

2. Mixture R a t i o  

a.  Nominal: 5 !G/f )  

b. Tolerance: +0.5 percent  - 
B. Thrus t  

1. Nominal: 150,000 lb. 

2. Tolerance 

a. Run-to-Run: - +1.0 percent  

b.  Engine-to-Engine: - +3.0 percen t  

i . - I  17 H-3208 



C. 

D. 

E. 

F. 

TABLE 1-27 

jror1i i n u e d )  

Type of Feed System: Turbopimp 

Spec i f ic  Impulse 

1. Nominal: 1128 sec.  

T h r o t t l i n g  Requirement 

1. Step: None 

2. Continuous: None 

Environmnt:  S a r t h  Vicinity 

4 I 

= h , 



SPACE PROP'JLSION SYS'JB4 SFBCIFICATIONS 

- 
Mars Orbit Establishment Vehicle 

4 General Propulsion % t e r n  De scription 

I, Energy Requirements 

A, T o t a l  Impulse Required 

1. Maxhun' = 3.3993 x 10 7 lb-sec 

2, Minimum = 2.0952 x lo7 lb-sec 

B. MaxLrmun Impulse 

1, Incremnt  = 3,2307 x 10 7 lb-sec 

2. Mission: Mars Intermdiate Orbit Establishment 

C. Minimum Velocity Increment 

1, Increment = 0 Ib-sec 

2, Mission: Mars Intermediate  Orbit  Correction 

D, Number of Increments = 3 

11, T h s t  

- 
A, Magnitude 

1. Steady-state Desi@ T h r u s t  Xagnitude 

a, 

b. Absolute Value = 3O,OOO l b  

I n i t i a l  Thrust-Warth Weight Ratio - 0,2470 - 0.3093 

1-1 19 It-3208 

Firm 008 u-1 IV.llum1 PO" 1 - 5 a  



2 Tolerance 
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C. Cmponent Design Restrictions: Protect from, or ksign for 

Earth-to4krS Vicinity,  

F. System Purging Requiremnt8: 

1, Plumber of Purges: 2 

1 - 122 R-3208 



The maneuvers and s t a g i n g  employed for t h i s  o r b i t a l  r?ndc>zvoui T:: ;' -.n 

a r e  a s  followsa A conventAuna1 boost mane;lver i s  ? c ~ o - ? l i ~ h ~ ~  +, tht. 

first an3 second s t age  of t h e  b o o s t e r  v e h i c l e .  

i s  followed by f i r i n g  of t h e  f i n 2 1  s t a g e  t o  e.:t-h.lir'i r n  o r b i t .  

Upon approaching t h e  ta rge t ,  t h e  f i n 3 1  st3gC i s  ! ..:i t.22 to n c c : ~ ~ ~ l ; . ; ! :  

t h e  plane change l e a v i n g  a s m l l  res i ( iu31  c l u z i  nl- vc! v c i  t ;;, 5.:t ; ,c~rl  

t h e  t a r g e t  and veh ic l e .  Mul t?p le  cn-of!' o p e r s t , i c .  01" t h o  f:,r.nl 

s t a g e  i s  used t o  achieve remlczvous w h i l c  t h e  F! t.ti t . ,a?<> c d n t r c l l  : : ;rr .+, l~:-  

T'.e cozsf  t o  ~ ~ p ' i ; c j i  

. .  

. 

s t age .  T h i s  senuence anpears  a t t r a c t i v e  on the- - 3 - i ~  n f  rc l s : ; : \ ; l  i t ; , T ,  

gujdance requirements, 2nd paylo.?i r msilC?ra:, idris.  

c a p a b i l i t y  and Sxirlailce requi re - ien tz .  T h c   loa 1 serlsitj i i  +,v t o  

var ious  propuls ion  sys tws  is 1 ~ ~ 1  3u.1 t o  t h e  s w l l  :.eloci',y T . , :  r t n o n t  

involved. The selected s:ist,e? i s  shown i r i  Table 1-29 S3seu vi an 

H - 2  b o o s t e r  3 3 3  7 339 D m i  crbital rnls-io:-, i r i c i u d ~ n p  ;I 1' c i - x e  

change. This system is f u r t h e r  descr ibed i n  Tab le  1-70, 

.'O 

4 
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Payload,  l b  

P r o p u l s i o n  S y s  t t’m 

Peed 5 y s t e m  

I ’ r o p c l l a n t s  

P r o p e l  1 a n t  Weigh t .  i b  

I n e r t  h-iAight., I h  

Thrust. l h  

Res t a r t s  

. 

92 , 800 

. 
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TABU3 1-30 * 

SPACE PROPULSION SPSTEM SPEIFICATIONS 

Orbital Fatablishment a d  Rendezvous Vehicle 

Gonerd Propulsion System Description 

A. Total  Ideal Velocity Incroment Required = 2700 fp 

\ B. Haxfmum Velocity Increment 

1. Increment = 2200 fp CL 

2. Mission: 5 dog plan, chango 

C. Mi- Velocity Incrsment 

1. Ina-unent = 1 fps 

2. Mission: Readozvous 

D.  N u n b a r  of Increment8 

1. MaXimuul=4 

2. Minimum=2 

4 

E. Maximum Cutoff Impulse Velocity Uncertainty = 0.5 f p  

XI. Thrust 

A. Magnitude 

1. Steady-state Design Thrust Magnitud~ 

a. In i t 'd  Thruat r to-Ear th  Weight Ratio = 0.1 

b. Absolute Value = 12,000 l b  
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I - '  

a. Rugiar-+LoPF:ngine: + 3 percent - 

a. Step: Ncna 

b. Cont inams t  None 
4 

L. ?+mber of H e s t T w t s ?  3 

11 IXI. Propellants 

A. Composltionr Hixed h i d e s  of Nitsogcnfionansthylhydrazh 

B. H i x t u r ~  Ratio 
I . . 

2. Tohance r f: 0.5 percent 

c. sp.ciflc Impuls. 

1. Raferance E x i n e  Parameters 

a. Mhturt Rat io :  2.4 ("/p) 

4 b. Qarnbm P T P S S W C ~  150 PSIS 

' c. Expansion Ratio; 25 

2. 8 o m I n d  Engine Specific fquI.80 st Refcrcnce C o n d i t i O M Z  317 8ec 

IV. ' Enviromentd Restrictions 

A. Zero Gravity Propellant Supply - 
, 

1. Liquidbapor  Separation Requirement: Provide l i q u i d  for 

.wine s t a r t .  
b 
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B. Spaco Storage of Propellants 

1. Environment: Earth Vicinity 

2. 

3. Propellant Temper&ne L i m i t s  

S t m a z e  Time: 1 hr. t o  1 day (depeding on landing requirements) 

a. Mixed Oxides of Nitrogen 

(1) Lower: Freezing (-76 F) 

(2) Upper: Propellant vapor pressure and dens i ty  shall 

not exceed limits of propellant tank8 and engine. 

b. Monomethylhydrazino 

(1) Lower: freezing (-63 F) 

(2) Upper: Vapor pressure a d  densi ty  shall not oxceed 

propellant tank or engine l i m i t a .  

C. Component Dasign Restrictions:  Dosign for operation in emth 

v i c i n i t y  space environment or provide protection f’rom the  

0 mironrnent. 

F. System Purging Requirementsr 

1. Number of Ptrrges: 3 

System Component Requirements 

I. Airframe and Propellant Tanks 

A .  PFopellanta 
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( C O N  t m f v ! )  

1. Propellant Descr ip t ion  

a. PropeUants : Mixed Gxidcs of Nitrogen~nomethy~s:izine 

b. Nominal Mixture Ratio2 2.4 ( O b )  

2. Uscable Propel lan t  Weight: 28,000 lb 

3. Reserve Propellant Weight 
I 

a. F l i g h t  Perfarmancer 280 lb 

b. Boil-off : NOZM 

B. Tank L O ~ S  

. 
4 

1. Handling: 4 g L a t e i r a l  

3. Atmosphere F l igh t :  8 g Axial 

4 .  Space Fl ight :  4 g Axial 

engine s t a r t s .  

2. Tank Venting8 None 

11. Pressu r i za t ion  System 

A. Purposes of Pre2sur izs t ion :  Provide energy for  e x p l l l n g  

p r o p e l l a n t s  ?ram tank i n t o  combus t i  o n  chamber 

B. Gas Volune iq Propel lant  Tank 

1. Incrementst 4 

i .- 1 CCI 



b, 'Polerancs: P.5 percent 

3, TIU-?rPC 

3. 3pocif ic Pnpid-e 

1. Norainnlu  317 Pec . 

G. Throttl-  Requirement 

1. Step: k n e  

2. Cont,inus1m: None 

I, Env3rorment: Earth Vicinity 

1. Kcmind: l 2 , C K K )  lb 
. 
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large space vehicles are aacssacj.q-. 

any extended trips such a s  t o  Mars or Venus. 

requjrement, it is rocmended that investigations be conducted i n  

the fol lowing areas to f u r t h e r  define the design and operation 

“ h i e  is prt . i~i i imly true for 

In view of this 

philosophy for extended space mi,csions. 

-EO Boostm Vehicle Dmclopment 

Z)eve-l.qx.aent of Isr;zcr - booster vehicles w i l l .  allow the use of larger , 
space vehicles. 

i n  the 9 to 12 mil l ion  pound range permit the use of a single space 

vehicle for manned lunm landing and r c t u r n  missions. 

Vehicles of the Nova class having i n i t i a l  thrusts 

For more 

extended space voyages, the space vehicle could be built-up in 

orb i t  from models transported several boostcrs. b t h e r  investi- 

ga t ion  of the design aspects,  economic consideration s ,  and operational  

requirements shou ld  be conducted. 

Earth Orbit Rendezvous and Vehicle Buildup 

The assembly of space vehicles in an earth orbi t  w i l l  allow the 

buildup of large apaco vehicles sufficient for  manned f l i g h t .  

Rendezvous guidance and propulsion techniques as well as methods 

of vehicle assembly should be Investigated. 

1-172 H-1208 
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?lmrtm,v and Lunar Rendezvous and Vehicle Buildue 

Space veh ic l e s  can be b u i l t  upnot only  i n  the  v i c i n i t y  of t h e  earth, 

but  ' in a r b i t s  around, or on the  su r face  of, thcMoon and plane ts .  

A number of veh ic l e s  could be s e n t  t o  the t a r g e t  ahead of the manned 

v e h i d a e .  lbese could be used for a.csambly of a r e t u r n  veh ic l e ,  

furnishlng supp l i e s  while on t h e  surface of the body, providing 

vah ic lo  redundancy, or r e f u e l i n g  a t  some po in t  dur ing  t h e  t r i p .  

' Advancad S D a c e  ProD>ulsion System Develomcnt 

4 

The devalopnent of advanced propuls ion systems such as the themno= 

n u c l o m  and Ion -o loc t r i ca l  propulsion s y s t e m  would cons iderably  

reduce the siso of t h e  6paCe veh ic l e s  required for accomplishing 

various space missions.  This is p a r t i c u l m l y  true far the extended 

p l a n e t a r y  missions.  

e s t a b l i ~ b r e n t  and r e t u r n  mission the nuclear and ion space veh ic los  

An example i n  t h e  summary t h a t  far a k s  o r b i t  

-Ware some 27 and 5 p e C e n t  r e s p e c t i v e l y  of t h e  s i ze  of t h e  l iquid 

chemical vehic le .  

systems would g r e a t l y  facilitate manned space f l i g h t .  

of these advanced propulsion schanes should be continuad. 

The high s p e c i f i c  impulses a v a i l a b l e  wi th  theso  

I n v e s t i g a t i o n  

Form 608 n 1 ( V e l l u m l  R.v 1-58 
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be i n v e s t i g a t d  st, nll po in t s  of t,hr n i - s ions .  

can result fron minor malfunctions,  c a t a s t r o p h i c  malfunction, and factare 

not  r e l a t e d  t o  the v-ji icle such 89 a solar flare. 

t h a t  an ultra-high r e l i 3 b i l i t y  escape vehicle can be dcvcloped 

The abor t s  considered 

It i s  p o s s i b l e  

which whi le  perhaps offer ing low performance w i l l  no t  compromise the 

m i s s  ion.  

R e l i a b i l i t y  should a lso  be considered i n  the  overall propulsion 

system des ign  and miss ion  operat ion.  
4 

Come methods of accomplishing 

a mission may be more r e l i a b l e  than others. The t r adeof f  betweon 

energy requirements and r e l i a b i l i t y  should be inves t iga ted .  

MANEUVER C R ~ ~  SPACE F'FtOPULSION INVISTICATIOS 

EC&ll ESCaDC Phase ProDfiaioq 

Analyses of propuls ion for the earth escape phase, e i t h e r  far - 

i n i t i a t i o n  of a lunar or planetary mission, have provided basic 

cr i tmia  which cha rac t e r i ze  these  propuls ion systems. 

have i ad i ca t ed  th rus t  levels ,  pro;)eUants,  restart  -requiremonte,  

These analyses 

cutoff impulse t o l e rances ,  c t c .  The assumption t h a t  t h e  space 

v e h i c l e  be launched f'rom an o r b i t  around the e a r t h  is  i n h e r e n t  

in all of t h e  analyses. 

1-1- R-1208 I 







It l a  rscamntde~~ that an investigation be conducted t o  providc 

separate 77:rojec:s. 

concerning the me-mm p o p u l s  io2 req?iircments 

towsrc? cstablfahing def b i t e  propulsion systems and opekatlonal 

These heva resi r l ted in much ix5ef.d informst ion 

Ho~cvtr, t h e  tff art 

procedures has been limited. 

Space vehic les  VU require a pidcourst carrection capability. 

uncertainty in the description of the physical univsrse in engineer- 

Ths 

i n g  terns, and t h e  l imi ta t ions  of vehicle control make con t ro l  mardatmy. 

Investigations of this nancwer should definitely establ ish t h e  types 

of p i d a n c e  systems t o  be used and their accuracies, as weY as the 

propuls ion systan l i m i t a t i o n s .  

and time of the corrections, and propulsion system features such as 

thrust l e v e l ,  p.opcllant8, cutoff requirements, and generd s y s t e a  

3perntion. 

Analpas should determine the numbar 

, 
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packaging, a d v ~ n t a g c s  of d i f f e r e n t  prcp-ilsion conf igu ra t ions ,  dynamic 

analysis of t h e  stage to de te rn ine  control requirements ,  azdysls 

af p s s s i b l c  damage resulting from a non-zero v e l o c i t y  impact. 

The analytical i n v e s t i g a t i o n  would be conducted t o  extend t h e  

present m i s s l o n / t r a j e c t o r y  analysis i n  order t o  minimize the  populsion 

system requirements ,  
n 

Methods of landing e i t h e r  d i r e c t  o r  wi th  an 

. i n t e r m e d i a t e  o r b i t  which would negate the requirement for, engine 

t h r o t t l i n g  would be attempted. 

minimize t h e  o p t b u n  thrust-to-weight,  t o  minimize t h e  propuls ion 

ayatem components vould be an add i t iona l  phase of t h i s  a n a l y t i c a l  * 

h e s t i g a t i o n  of t r a j e c t o r i e s  t o  

study. 

nraetsrs Orbi t  Establishment 

Resent analysis of p l a n e t a r y  o r b i t  e s t a b l i a h e n t  propuls ion has 

08tabllahed general requirements.  However, t h e  analysis should be 

extended t o  detrrmina I f  a simple basic  scheme for e s t a b l i s h i n g  a 

p l a n o t e r y  o r b i t  can be achieved which would minimize the control 

roqui r .menta  both from t h e  propulsion and guldaucc/canmunlcation 

s tandpoin t .  The i n t e r r e l a t i o n  of the intmplaiietmy o r b i t  phase 

wi th  t h e  midcourses and t e r m i d  space c o r r e c t i o n  propuls ion requi ro-  

menta, i n d i c a t e  t h a t  such an rnrlysis would be undertaken after 

i n v e s t i g a t i o n  of space transfar propulsion. It is a n t i c i p a t e d  that 

a 

4 
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i i i e  u c t a i  l ed  s t u d i e s  of the urbi  t. e.at.abi ishment, phase based on r e f i i i e m ~ n t  

o f  tlie space c o r r e c t i o n  p r o p u l a  ion and t , r , a , j e r t r ! r y  csi1Lr.o i c w  pi-cicidr A 

siriipiP scheme which w i l l  providt. plane tary  o r b i t  cst.ablishmenL w i t h  a min- 

imim o f  contxol  and read,iust.mcnt. Addit.iono1 t ,raject ,ory ana lyses  btto:ild 

be i n i t i a t e d  t o  invc-.stigat,e some t.ra,iect,ory d e t a i l s  arrch as t h e  in f luence  

o f  t h e  moons o f  Mars on ap])ronch t ra*jvc tor ic s  and tlic o r b i t  inclinntion2;l 

resul  Ling from various  t , r n r i P f t h r  mni ie i ivery .  

Plonetl iry I.anding and Rcxturn I ' r op~ i l s ion  

Review o f  the aspcc tu  of' ;I plnnct;ir> landing m i s b i o t i  i n d i c a t e  t h a t  i n i t  l a 1  

4 



. 

The landing  o f  R space v e h i c l e  on t h e  F a r t h  a f t e r  a l o n g  rrlturn s p a r e  

voyage should be  analyzed for propuls ive  and ope ra t iona l  requirements .  

Accuracy requirements  f o r  terminal  co r rcc t  i o n s  which p r e p a r e  t h e  v c h i c l  e 

f o r  aerodynamic r e - e n t r y  s h o u l d  be  evaluat  Pd, and 1 r a d r o f f s  br?twct>ii A-t%- 

t r o  thrust ,  axid A e r  dynami c landings a n a l y z e d  t o  d e {  tbtminta t h r  1 1  ab I e 

s i n g l e  o r  ~ o m b i n a t ~ i o n  system. 

Cryogenic-Propel - I an{, S p a c e  P i - o p u  lsion S:yatcm D r s i e n  _. 

Analysis conducted has indicdtcd th r  d e v i r a b i l i  cy n f  high-t -nergj  cryogenic  
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- -  A propi1ihio;i -.*chiclP tif1sigrl  stud^ t o  investlgair n 1 ) C C j i ' i c  s ) - ? t e m  d f . s i g n s  

rand t h e  hea t  t r a n e f c r  problems invc lved  shou ld  be irntlerrakrri t o  a s s u r e  

ihci f e a s i b i l i t y  o f  iising i h r  cryogenic  l i q u i d  propel ian t ,  systems f o r  long 

3JJai.P miss ions .  The dt?tai led tiesign inve ,s+ , igat inn of conduction h e a t  

t rarisfcr ~ n u l d  providc  d a t a  t o  determine t h t  degree  o f  performanre ad- 

I ( , * . ' :  I i : i ! i  as S ~ J P Y .  t,hrr!rt l e v e l s ,  (.tc. wouid  p i o v r d ~  thrl ba.-kgrorlnd 

f o r  t h e  d e l r i i l e d  d ~ s i g n e  o f  f l i e s ~  s p a c e  Gti igc ls .  The c r i t e r i a  t h a t  would 

b e  i nves i iga t , t d  would lop: t h e  i n s u l a t i o n  weight  V Y  projjel l a n t  h o i l o f f ;  

methods o f  suppor t ing  tile t?inks t o  miriirniie conduri ioti h e a t  t r a n s f e r ;  pro-  

t 

a 

p e l l a n t  f e e d  l i n e  concepts  t o  minimize conduction hea t  t r a n s f e r ;  a t t i t u d e  

c:nii?,ro1 s y s t r a m s  t o  minimize s o l a r  r a d i a t i o n  hea t ing .  

In 'vedt iga t ion  o f  meteoroid protect . ion met.hodv f o r  the propuls ion  system 

and stlaye des ign  w o u l d  a l s o  b c  included.  The "Whipplc meteor bumpers" 

appear  t o  be the b e s t  system a t  the present .  Add i t iona l  ir ivest , igation i 9  

needed t o  provide  infomat l 'on  s u f f i c i e n t  f o r  over-a1 1 system f i n a l  design.  

? The a n a l y t i c a l  and d e s i g n  i n v e s t i g a t i o n  f o r  space  propul  s i o n  atagc> sys-  

t e m s  could  be a , j o i n t  e f f o r t  of a propuls ion itnd v e h i c l e  contract ,or .  

Thi9 h a s  i c  des ign  s tudj  wotrtd provide  concepts and d e t a i l e d  des ign  informa- 

f ion-for.  the propuls ion  and t h e  spacc  vehiclt .  design a s p e c t s .  
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Propu l s ion  system design and opera t ion  aspec ts  should be i n v e s t i g a t e d  

f u r t h e r  from t h e  s tandpoin t  of environmental e f f e c t s .  St.iidies have been 

conducted i n  a ninnber of s e p a r a t e  a reas  and comprehensive s tudy of t h e s e  

f e a t u r e s  r e l a t i n g  d i r e c t l y  t,o t h e  engine system would be o f  g r e a t  b e n e f i t .  

M u l t i p l e  r e s t a r t , s  i n  vacuum, valve leakage over long periods of t i m e ,  

h e a t  ba lance  i n  t h e  engine,  and t,hc subsystem designs a r e  a r e a s  needing 

i n v e s t i g a t i o n  t o  e s t a b l i s h  f i n a l  design c r i t e r i a .  

n 

Propuls ion  System Operat ing Parameters 

Propuls ion  system parameters i n  t h i s  s tudy have been s e l e c t e d  from a con- 

s i d e r a t i o n  of previous Rocketdyne s t u d i e s .  Methods f o r  e s t i m a t i n g  

opttimum v a l u e s  of s e v e r a l  parameters have been presented.  I n v e s t i g a t i o n s  

, o f  a d d i t i o n a l  parameters ,  d e s c r i p t i o n  of i n f l u e n c i n g  f a c t o r s ,  s e l e c t i o n  

o f  optimum va lues ,  and i n d i c a t i o n s  of t h e  t r a d e o f f s  involved i n  o f f  design 

opera t  i on  would be b e n e f i c i a l .  

Rocket Engine Exhaust Tnves t i g a t i o n  

The opera t ion  o f  rocket, engines i n  vacuum p r e s e n t s  t h e  p o s s i b i l i t y  o f  

s e v e r a l  problems. J e t ,  spreading  during vaciium oppra t ion  may c r e a t e  h e a t -  

i n g  problems i n  t h e  v e h i c l e  b o a t t a i l  o r  on the  propel lant ,  t anks .  I n v e s t i -  

g a t i o n s  would consit1er t h e  a c t u a l  geometry o f  t he  j e t  sp read ,  t h e  heat, 

t r a n s f e r  mechanisms, and p r o t e c t i v e  i n s u l a t i o n  schmtas. 
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rnt- I u ~  - ex'naust j e t  may c r e a t e  p r o b l e m  i n  landing i n  t h a t  it, may- i n t e r f e r e  

w i t h  guidance and v i s i o n .  The impact of t h e  j e t  on t h e  s u r f a c e  of  a 

body such as t h e  Moon may create d u s t  and e r o s i o n  problems. I n v e s t i g a -  

t i o n s  would b e  concerned w i t h  i n f r a r e d  flame r a d i a t i o n ,  guidance opera- 

' t i o n ,  jet spreading,  and j e t  e r o s i o n .  
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